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(54) Magneto-optical recording medium 

(57) A recording layer and a flux adjustment layer 
have different magnetic polarities so that their magnet- 
izations are countervailed at room temperature, with the 
result that a weakened leakage magnetic flux is re- 
leased therefrom. A reproducing layer, a reproducing 
assist layer and an inplane magnetization layer exhibit 
in -plane magnetization at room temperature. In a first 
temperature area having a temperature not more than 
the critical temperature of the reproducing layer, the re- 
producing layer 1 exhibits in-plane magnetization so 
that magnetization of a recording magnetic domain is - 
not copied to the reproducing layer. In contrast, a sec- 



ond temperature area having a temperature rise be- 
tween the critical temperature and the Curie tempera- 
ture of the reproducing layer, the flux adjustment layer, 
and the in-plane magnetization layer have reached their 
Curie temperatures and lost their magnetization; thus, 
a leakage magnetic flux generated by the magnetization 
of the recording magnetic domain is copied to the repro- 
ducing assist layer that is in a perpendicular magnetiza- 
tion state, and further copied to the reproducing layer. 
Moreover, in a third temperature area having a temper- 
ature rise exceeding the Curie temperature of the repro- 
ducing layer, the reproducing layer has lost its magnet- 
ization. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a magneto-op- 
tical recording medium, such as a magneto-optical disk, 
a magneto-optical tape and a magneto-optical card, 
which is applied to a magneto-optical recording-repro- 
duction apparatus. 

BACKGROUND OF THE INVENTION 

[0002] Conventionally, magneto-optical recording 
media which have been put into practical use as rewri- 
table optical recording media, use a beam -condensed 
light beam released Irom a semiconductor laser so as 
to carry out recording and reproducing operations. How- 
ever the disadvantage with the magneto-optical record- 
ing medium is that tn the case when the diameter. of a 
recording bit serving as a recording magnetic domain or 
the intetval of the lecoidiny bit is telatively smaller than 
the diameter of the light beam its reproducing charac- 
teristic deteriorates 

[0003] This is caused by the lact that within the beam 
diameter of the fight beam which has been beam-con- 
densed on a target recording bit. adjacent recording bits 
of this bit lend to be included, with the result that indi- 
vidual recording bits can not be reproduced in a sepa- 
rated manner. 

[0004] A construction which aims to overcome the 
above-mentioned disadvantage with the magneto-opti- 
cal recording medium has been proposed in "Magneti- 
cally Induced Superresolution Using Interferential In- 
Plane Magnetization Readout Layer"(Jpn.J.Appl.Phys. 
Vol. 35(1996)pp. 570 1-5704). In this construction, a re- 
producing layer, a non -magnetic intermediate layer and 
a recording layer are stacked in this order. This repro- 
ducing layer exhibits in-plane magnetization at room 
temperature, and comes to exhibit perpendicular mag- 
netization as the temperature rises. Moreover, in this 
construction, the reproducing layer and Ihe recording 
layer are magnetostatically coupled with each other with 
the non-magnetic intermediate layer interpolated in.be- 
tween so that a portion of the reproducing layer which 
is in a perpendicular magnetization state copies the 
magnetization of the recording layer. On the other hand, 
a portion thereof which is in an in-plane magnetization 
state masks the magnetization of the recording layer. 
[0005] For this reason, information of recording bits in 
the recording layer at the portion in contact with the re- 
producing layer that is maintained in an in -plane mag- 
netization state is not reproduced. Therefore, even if a 
target recording bit to be reproduced and a recording bit 
adjacent to this recording bit are included within a beam 
spot of the light beam, it is possible to reproduce the 
target recording bit individually in a separated manner. 
[0006] Moreover, "Magnetic Super-Resolution Mag- 
neto-optical Disk using In-plane magnetization Mask 



Layer" (Japan Applied Magnetic Society Bulletin 
21,1076-1081(1997)) has proposed a construction in 
which in order to achieve a higher reproducing resolu- 
tion, the in-plane magnetization mask is strengthened 

5 by adding an in-plane magnetization mask layer having 
a low Curie temperature to a reproducing layer. 
[0007] Furthermore, Japanese Patent Application No. 
193140/1996 (Tokuganhei 6-193140), which was ap- 
plied by the inventors of the present invention, has pro- 

10 posed another construction for further increasing the re- 
producing resolution of the magneto-optical recording 
medium, in which the Curie temperature of a reproduc- 
ing layer is set lower than the Curie temperature of a 
recording layer so that the in-plane magnetization mask 

is of the reproducing layer is used as a front mask while a 
portion of the reproducing layer having a temperature 
rise not less than the Curie temperature is used as a 
rear mask : thereby forming double masks. 
[0008] However, the conventional magneto-optical 

20 recording media having the above-mentioned construc- 
tions have a problem in which, upon carrying out record- 
ing and reproducing operations by using an even small- 
er recording-bit diameter and even smaller recording bit 
intervals, a leakage magnetic flux, released from the re- 

25 cording layer, gradually grows with temperature rise, 
with the result that the mask effect of the reproducing 
layer becomes insufficient, thereby failing to provide a 
sufficient reproducing signal. 

30 SUMMARY OF THE' INVENTION 

[0009] The objective of the present invention is to pro- 
vide a magneto-optical recording medium which can ob- 
tain a sufficient reproducing signal even from informa- 

35 tion that has been recorded with such a small recording- 
bit diameter and such small recording-bit intervals that 
the conventional super-resolution magneto-optical re- 
cording media would fail to reproduce it. 
[0010] In order to achieve the above-mentioned ob- 

40 jective, a magneto-optical recording medium of the 
present invention is provided with: 

a recording layer made of a perpendicular magnet- 
ization film; 

45 a reproducing layer made of a magnetic film which 
exhibits in -plane magnetization at room tempera- 
ture and comes to exhibit perpendicular magnetiza- 
tion at a temperature not less than a critical temper- 
ature; and 

so a flux adjustment layer, stacked adjacent to the re- 
cording layer, which is made of a perpendicular 
magnetization film that has a magnetic polarity dif- 
ferent from that of the recording layer and also has 
a Curie temperature lower than the Curie tempera- 

55 ture of the recording layer. 

[0011] With the above-mentioned construction, leak- 
age magnetic fluxes, released from the recording layer 
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and the flux adjustment layer, are made to rapidly grow 
with a temperature rise. In other words, since the record- 
ing layer and the flux adjustment layer, which are 
stacked adjacent to each other, haye mutually different 
magnetic polarities, their magnetizations are counter- 5 
vailed at room temperature so that the leakage magnetic 
fluxes are weakened. Upon reproducing a recording 
magnetic domain of the recording layer, an area includ- 
ing the recording magnetic domain related to the repro- 
ducing process is heated. At this time, since the Curie to 
temperature of the flux adjustment layer is tower than 
that of the recording layer, the magnetization of an area 
of the flux adjustment layer corresponding to the record- 
ing magnetic domain to be reproduced is allowed to de- 
crease or disappear. As a result, a leakage magnetic is 
Mux, which is strengthened by a corresponding decre- 
ment of the magnetization of the flux adjustment layer, 
appears and is copied onto the reproducing layer. 
[0012] Thus, a greater leakage magnetic flux is gen- 
erated from the recording layer and the flux adjustment 20 
layer only at areas having a temperature rise. In other 
words, since a greater leakage magnetic flux is gener- 
ated only from the inside of a rear aperture region having 
a greater temperature rise, it is possible to form a small- 
er roar aperture region in a stable manner. 25 
[0013] Therefore, only the magnetization of the re- 
cording bit to be reproduced is copied from the recording 
layer to the reproducing layer so that it is possible to 
reproduce only the recording bit to be reproduced stably. 
Consequently, it becomes possible to provide a super- 30 
resolution reproducing operation with a high reproduc- 
ing resolution. 

[0014] The magneto-optical recording medium of the . . 
present invention having the above-mentioned con- 
struction is also preferably provided with an in-plane 35 
magnetization layer made of a magnetic film, which is 
stacked between the reproducing layer and the record- 
ing layer and which exhibits in-plane magnetization at 
room temperature, and has a Curie temperature in the 
vicinity of the critical temperature of the reproducing lay- *o 
er. 

[001 5] With this construction, the in-plane magnetiza- 
tion mask of the reproducing layer is further strength- 
ened. In other words, at room temperature, the magnet- 
ization layer forms an in-plane magnetization mask -*s 
against a leakage magnetic flux generated from the re- 
cording layer and the flux adjustment layer. Then, upon 
reproduction, the area including the recording magnetic 
domain to be reproduced is heated to a temperature in 
the vicinity of the critical temperature of the reproducing so 
layer; therefore, the in-plane magnetization layer at this 
area has reached the Curie temperature, losing its mag- 
netization. This makes it possible to release only the in- 
plane magnetization mask of the area including the re- 
cording magnetic domain to be reproduced. 55 
[001 6] This allows a transition from in-plane magnet- 
ization to perpendicular magnetization in the reproduc- 
ing layer at the time of a temperature rise to take place 



more abruptly. 

[0017] Therefore, only the magnetization of the re- 
cording bit to be reproduced is copied from the recording 
layer to the reproducing layer so that it is possible to 
reproduce only the recording bit to be reproduced stably. 
Consequently, it becomes possible to provide a super- 
resolution reproducing operation with a high reproduc- 
ing resolution. 

[0018] Moreover, in the above-mentioned construc- 
tion, it is desirable to further provide an arrangement in 
which the above-mentioned reproducing layer is al- 
lowed to exhibit perpendicular magnetization from the 
critical temperature to the Curie temperature so that the 
magnetization of the recording layer is not copied on ar- 
eas thereof having a temperature rise exceeding the Cu- 
rie temperature. 

[0019] In this construction , upon reproduction, three 
temperature areas are formed in the above-mentioned 
magneto-optical recording medium that has been heat- 
ed. That is, in the first temperature area having a tem- 
perature not more than the critical temperature, the re- 
producing layer exhibits in-plane magnetization so that 
it does not copy the magnetization of the recording layer 
which exhibits perpendicular magnetization. In the sec- 
ond temperature area having a temperature rise be- 
tween the critical temperature and the Curie tempera- 
ture, the reproducing layer comes to exhibit perpendic- 
ular magnetization so that it copies the magnetization of 
the recording layer. In the third temperature area having 
a temperature rise exceeding the Curie temperature, the 
magnetization of the reproducing layer has disappeared 
so that it does not copy the magnetization of the record- 
ing layer. , ., 
[0020] Thus, the second temperature area, which is 
an area relating to a reproducing operation,, is formed, 
and the first and third temperature areas, which cannot 
copy the magnetization of the recording layer, are 
formed adjacent to this area, with the result that the area 
capable of copying is greatly narrowed. 
[0021] Therefore, even if the recording-bit diameter 
and the recording-bit intervals of the recording layer are 
very small, a recording bit to be reproduced is repro- 
duced in a separated manner from recording bits adja- 
cent to this recording bit, thereby making it possible to 
carry out a magnetically-induced super-resolution re- 
producing process with a higher reproducing resolution 
even in the case of the application of a shorter mark 
length. 

[0022] Moreover, the magneto-optical recording me-' 
diurn of the present invention having the above-men- 
tioned construction is preferably provided with a.repro- 
ducing assist layer made of a magnetic film, which is 
stacked between the reproducing layer and the record- 
ing layer in contact with the reproducing layer, and which 
exhibits in-plane magnetization at room temperature, 
has a Curie temperature higher than the Curie temper- 
ature of the reproducing layer, and comes to exhibit per- 
pendicular magnetization at a temperature in the vicinity 
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of the critical temperature of the reproducing layer 
[0023] With this construction, in addition to the func- 
tion obtained by the const ruction of the magneto-optical 
recording medium, since the reproducing assist layer 
has a Curie temperature higher than the Curie temper- 
ature of the reproducing layer, even if, upon reproduc- 
tion, the reproducing layer is heated to the vicinity of its 
Curie temperature, the perpendicularly magnetized 
state is maintained so that the magnetization copied 
from the recording layer is further copied onto the repro- 
ducing layer. 

[0024] Thus, a comparatively great magnetization ex- 
erted by the reproducing assist layer and a leakage 
magnetic flux generated from the recording layer and 
the flux adjustment layer are magnetostatically coupled 
more firmly in a stable state so that a recording magnetic 
domain to be reproduced is copied on the reproducing 
layer stably in both of the cases of a shorter mark length 
and a longer mark length. 

[0025] Therefore, it becomes possible to carry out a 
magnetic super-resolution reproducing operation with a 
high reproducing resolution in a stable manner. 
[0026] For a fuller understanding of the nature and ad- 
vantages of the invention, reference should be made to 
the ensuing detailed description taken in conjunction 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] Fig. 1 is an explanatory drawing that shows a 
temperature distribution of a reproducing layer at the 
time of reproducing a magneto-optical recording medi- 
um related to one embodiment of the present invention. 
[0028] Fig. 2 is an explanatory drawing that shows 
magnetized states of the reproducing layer, a recording 
layer and a flux adjustment layer of the magneto-optical 
recording medium at the time of reproducing the mag- 
neto^Dptical recording medium shown in Fig. 1 . 
[0029] Fig. 3 is a graph that shows magnetic proper; 
ties of the recording layer and the flux adjustment layer 
in the magneto-optical recording medium shown in Fig. 
1. 

[0030] Fig. 4 is an explanatory drawing that shows a 
temperature distribution of a reproducing layer at the 
time of reproducing a magneto-optical recording medi- 
um related to another embodiment of the present inven- 
tion. 

[0031] Fig. 5 is an explanatory drawing that shows 
magnetized states of the reproducing layer, a recording 
layer and a flux adjustment layer of the magneto-optical 
recording medium at the time of reproducing the mag- 
neto-optical recording medium shown in Fig. 4. 
[0032] Fig. 6 is a graph that shows magnetic proper- 
ties of the recording layer and the flux adjustment layer 
in the magneto-optical recording medium shown in Fig. 
4. 

[0033] Fig. 7 is a cross -sectional view that schemati- 
cally shows the construction of a magneto-optical disk 



to which the magneto-optical recording medium of Fig. 
1 is applied. 

[0034] Fig. 6 is a cross -sectional view that schemati- 
cally shows the construction of another magneto-optical 
s disk to which the magneto-optical recording medium of 
Fig. 1 is applied. 

[0035] Fig. 9 is a graph that shows one example of 
mark-length dependence of the carrier-to-noise ratio of 
a magneto-optical disk to which the magneto-optical re- 

io cording medium of Fig. 1 is applied. 

[0036] Fig. 10 is an explanatory drawing that shows 
a temperature distribution of a reproducing layer at the 
time of reproducing a magneto-optical recording medi- 
um related to still another embodiment of the present 

15 invention. 

[0037] Fig. 11 is an explanatory drawing that shows 
magnetized states of the reproducing layer, a recording 
layer and a flux adjustment layer of the magneto-optical 
recording medium at the time of reproducing the mag- 
20 neto-optical recording medium shown in Fig. 10. 

[0038] Fig. 1 2 is a cross-sectional view that schemat- 
ically shows the construction of a magneto-optical disk 
to which the magneto-optical recording medium of Fig. 
10 is applied. 

2S [0039] Fig. 1 3 is a graph that shows one example of 
mark-length dependence of the carrier-to-noise ratio of 
a magneto-optical disk to which the magneto-optical re- 
cording medium of Fjg. 10 is applied. 
[0040] Fig. 1 4 is ah explanatory drawing that shows 

30 a temperature distribution of a reproducing layer at the 
time of reproducing a magneto-optical recording medi- 
um related to still another embodiment of the present 
invention. 

[0041] Fig. 15 is an explanatory drawing that shows 
35 magnetized states of the reproducing layer, a recording 
layer and a flux adjustment layer of the magneto-optical 
recording medium at the time of reproducing the mag- 
neto-optical recording medium shown in Fig. 1 4. 
[0042] Fig. 1 6 is a graph that shows magnetic prop- 
40 erties of the recording layer and the flux adjustment lay- 
er in the magneto-optical recording medium shown- in 
Fig. 14. 

[0043] Fig. 1 7 is a cross -sectional view that schemat- 
ically shows the construction of a magneto-optical disk 
45 to which the magneto-optical recording medium of Fig. 
Misapplied. 

[0044] Fig. 1 8 is a graph that shows one example of 
mark-length dependence of the carrier-lo-noise ratio of 
a magneto-optical disk to which the magneto-optical re- 

so cording medium of Fig. 14 is applied. 

[0045] Fig. 1 9 is an explanatory drawing that shows 
a temperature distribution of a reproducing layer at the 
time of reproducing a magneto-optical recording medi- 
um related to still another embodiment of the present 

55 invention. 

[0046] Fig. 20 is an explanatory drawing that shows 
magnetized states of the reproducing layer, an in-plane 
magnetization layer, a recording layer and a flux adjust- 
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ment layer of the magneto-optical recording medium at 
the time of reproducing the magneto-optical recording 
medium shown in Fig. 19. 

[0047] Fig. 21 is a cross-sectional view that schemat- 
ically shows the construction of a magneto-optical disk 
to which the magneto-optical recording medium of Fig. 
1 9 is applied. 

[0048] Fig. 22 is a graph that shows one example of 
mark-length dependence of the carrier-to-noise ratio of 
a magneto-optical disk to which the magneto-optical re- 
cording medium of Fig. 19 is applied. 
[0049] Fig. 23 is an explanatory drawing that shows 
a temperature distribution of a reproducing layer at the 
time of reproducing a magneto-optical recording medi- 
um related to still another embodiment of the present 
invention. 

[0050] Fig. 24 is an explanatory drawing that shows 
magnetized states of the reproducing layer, a reproduc- 
ing assist layer, a recording layer and a flux adjustment 
layer of the magneto-optical recording medium at the. 
time of reproducing the magneto-optical recording me- 
dium shown in Fig. 23. 

[0051] Fig. 25 is a cross-sectional view that schemat- 
ically shows the construction of a magneto-optical disk 
to which the magneto-optical recording medium of Fig. 
23 is applied. 

[0052] Fig. 26 is a graph that shows one example of 
mark-length dependence of the carrier-to-noise ratio of 
a magneto-optical disk to which the magneto-optical re- 
cording medium of Fig. 23 is applied. ; 
[0053] Fig. 27 is an explanatory drawing that shows 
a temperature distribution of a reproducing layer at the 
time of reproducing a magneto-optical recording medi- 
um related to still another embodiment of the present 
invention. 

[0054] Fig. 28 is an explanatory drawing that shows 
magnetized states of the reproducing layer, a reproduc- 
ing assist layer, an in -plane magnetization layer, a re- 
cording layer and a flux adjustment layer of the magne- 
to-optical recording medium at the time of reproducing 
the magneto-optical recording medium shown in Fig. 27. 
[0055] Fig. 29 is a cross-sectional view that schemat- 
ically shows the construction of a magneto-optical disk 
to which the magneto-optical recording medium of Fig. 
27 is applied. 

[0056] Fig. 30 is a graph that shows one example of 
mark-fength dependence of the carrier-to-noise ratio of 
a magneto-optical disk to which the magneto-optical re- 
cording medium of Fig: 27 is applied. 
[0057] Fig. 31 is an explanatory drawing that shows 
a temperature distribution of a reproducing layer in a 
conventional magneto-optical recording medium at the 
time of reproducing said magneto-optical recording me- 
dium. 

[0058] Fig. 32 is an explanatory drawing that shows 
magnetized states of the reproducing layer and a re- 
cording layer of the magneto-optical recording medium 
at the time of reproducing the magneto-optical recording 



medium shown in Fig. 31. 

[0059] Fig. 33 is a graph that shows a magnetic prop- 
erty of the recording iayer and the flux adjustment layer 
in the magneto-optical recording medium shown in Fig. 
5 31. 

DESCRIPTION OF THE EMBODIMENTS 
[Embodiment 1] 

70 

[0060] Referring to Figs. 1 through 9. and Figs 31 
through. 33, the following description will discuss one 
embodiment of the present invention. 
[0061] First, referring to Figs. 31 through 33, an ex- 
15 planation will be given of a magnetic super-resolution 
reproducing process carried out by a conventional su- 
per-resolution magneto-optical recording medium so as 
to show a technique which forms the premise for the 
present invention. 
so [0062] Figs. 31 and 32 are explanatory drawings that 
show a magneto-optical recording medium in a repro- 
ducing state, which is disclosed in the aforementioned 
•Magnetically Induced Super-resolution Using Interfer- 
ential InrPlane Magnetization Readout Layer" (Jpn.J. 
25 Appl.Phys. Vol.35(1996)pp.5701-5704). 

[0063] As illustrated in Fig. 32, the conventional mag- 
neto-optical recording medium is constituted by a repro- 
ducing layer 91 , a non-magnetic intermediate layer 92 
and a recording layer/93 that are formed on a substrate. 
30 Here, with respect to arrows shown in Fig. 32, each of 
the thin arrows indicates the direction of a magnetic mo- 
ment of a transition metal (TM), each of the thick arrows 
indicates the size and direction of a total moment, and 
each of void arrows indicates the size and direction of 
35 a leakage magnetic flux. 

[0064] As illustrated in Fig. 31, in the above-men- 
tioned conventional magneto-optical recording medium, 
a light beam 94 is beam -condensed and directed onto 
the reproducing layer 91 so as to carry out recording 
40 and reproducing operations. In this case, recording 
magnetic domains 101 are recorded: along a guide 
groove 95 : which shows a reproducing state. Here, it is 
supposed that among the recording magnetic domains 
101 , a recording magnetic domain at which a magneti- 
cs zation to be reproduced has been recorded is referred 
to as a recording magnetic domain 101b and a recording 
magnetic domain adjacent to the recording magnetic 
domain 101b on the upstream side thereof (on the left 
in the Figure) is referred to as a recording magnetic do- 
so main 101a. , 

[0065] The above-mentioned reproducing layer 91 is 
a magnetic film, whose composition is. adjusted so that 
it exhibits in -plane magnetization at room temperature 
and comes to exhibit perpendicular magnetizalion at a 
55 temperature not less than the critical temperature. 
When, upon reproduction, guide groove 95 is irradiated 
with a light beam 94 while the substrate is in motion, the 
reproducing layer 91 has a temperature rise not less 



5 



9 



EP 0 965 987 A2 



10 



than the critical temperature at a downstream position 
(on the right of the Figure) of the light beam spot 96, 
thereby forming an area that exhibits perpendicular 
magnetization, that is, a rear aperture region 97. Areas 
other than the rear aperture region 97 in the reproducing 
layer 91, which are maintained in an in-plane magneti- 
zation state, do not contribute to the reproducing oper- 
ation. 

[0066] In the rear aperture region 97, a leakage mag- 
netic flux 100, generated from the recording layer 93, 
and a magnetization from the reproducing layer 91 is 
magnetostatically coupled through the non-magnetic in- 
termediate layer 92 so that the magnetization of the re- 
cording layer 93 is copied onto the reproducing layer 91 . 
Thus, it is possible to carry out a magnetically-induced 
super-resolution reproducing operation. 
[0067] Here, in order to realize the above-mentioned 
magnetic property, the reproducing layer 91 is designed 
to have such a composition (RErich composition) that 
with respecl lo the compensation composition at which 
the magnetic moment of a transition metal (TM) and the 
magnetic moment of a rare-earth metal (RE) balance . 
each other, the RE magnetic moment becomes predom- 
inant at room temperature. Thus, in the reproducing lay- 
er 91, the direction of the TM magnetic moment and the 
direction of the total magnetic moment are set antipar- 
allel to each other. 

[0068] In contrast, the recording layer 93 is adjusted 
in its composition so that it does not generate a leakage 
magnetic flux at room temperature while it generates a 
great leakage magnetic flux at areas having a temper- 
ature rise. Here, the recording layer 93 is designed to 
have such a composition (TMrich composition) that its 
compensation temperature is set at room temperature 
and that, with respect to the compensation temperature 
at which the magnetic moment of a transition metal (TM) 
and the magnetic moment of a rare -earth metal balance 
each other, the TM magnetic moment becomes predom- 
inant. Thus, in the recording layer 93. the direction of 
the TM magnetic moment and the direction of the total 
magnetic moment are set parallel to each other. 
[0069] Fig. 33 shows the temperature dependence of 
the total moment (magnetization) (cr) of the recording 
layer 93. 

[0070] Since the compensation temperature of the re- 
cording layer 93 is set at 20° C, its total moment is zero 
at 20°C. As the temperature rises, its total moment grad- 
ually increases, and becomes greatest at 140°C. Then, 
at 260°C that is the Curie temperature of the recording 
layer 93, the total moment becomes zero again. Here, 
since a leakage magnetic flux 100, generated from the 
recording layer 93, is directly proportional to the size of 
the total moment, it gradually increases as the temper- 
ature rises in the same manner as the total moment. 
[0071] Thus, as illustrated in Figs. 31 and 32, upon 
irradiation with a light beam 94, a leakage magnetic flux 
1 00 is generated from the recording layer 93 over a com- 
paratively wide range. Here, the reproducing layer 91 is 



adjusted in its composition so that it exhibits in -plane 
magnetization at room temperature and comes to ex- 
hibit perpendicular magnetization; therefore, its mag- 
netization is magnetostatically coupled with the leakage 

s magnetic flux 1 00 released from the recording layer 93, 
with the result that its magnetization direction is 
changed from an in-plane direction to a perpendicular 
direction. Thus, the shape of a rear aperture region 97 
to be formed, that is, an area at which the reproducing 

10 layer 91 exhibits in-plane magnetization, is dependent 
on the size of the leakage magnetic flux 100 released 
from the recording layer 93. 

[0072] In the case when the leakage magnetic flux 
100 released from the recording layer 93 gradually in- 

75 creases as the temperature rises as described above, 
the leakage magnetic flux 100 is released from the re- 
cording layer 93 over a comparatively wide range, with 
the result that the rear aperture region 97 is widened 
above what is required. For this reason, although it is 

20 originally attempted that only the magnetization of a re- 
cording magnetic domain 1 01 b of the recording layer 93 
be copied on the reproducing layer 91 and that only the 
copied magnetic domain 101b' be reproduced, one por- 
tion of the magnetization of the adjacent recording mag- 

2B netic domain 1 01 a is copied on the reproducing layer 
91, and the magnetic domain 101a', which is originally 
not intended to be reproduced, is reproduced together 
with the magnetic domain 1 01 b', causing degradation in 
the reproducing resolution. 

30 [0073] Next, referring to Figs. 1 through 3, an expla- 
nation will be given of a reproducing state of the mag- 
neto-optical recording medium of the present embodi- 
ment. 

[0074] As illustrated in Fig. 2, in a magneto-optical re- 
35 cording medium in the present embodiment, a flux ad- 
justment layer 4 is formed on the substrate in addition 
to the reproducing layer 1, the non-magnetic intermedi- 
ate layer 2 and the recording layer 3. Here, with respect 
to arrows shown in Fig. 2, each of the thin arrows indi- 
go cates the direction of a magnetic moment of a transition 
metal (TM), each of the thick arrows indicates the size 
and direction of a total moment, and each of void arrows 
indicates the size and direction of a leakage magnetic 
flux. 

45 [0075] As illustrated in Fig. 1 , in the above-mentioned 
conventional magneto-optical recording medium, a light 
beam 5 is beam-condensed and directed onto the re- 
producing layer 1 so as to carry out recording and re- 
producing operations. In this case, recording magnetic 

50 domains 71 are recorded along a guide groove 6, which 
shows a reproducing state. Here, it is supposed that 
among the recording magnetic domains 71 , a recording 
magnetic domain at which a magnetization to be repro- 
duced has been recorded is referred to as a magnetic 

55 domain 71b and a recording magnetic domain adjacent 
to the recording magnetic domain 71b on the upstream 
side thereof (on the left in the Figure) is referred to as a 
recording magnetic domain 71a. 
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[0076] The above -mention cd reproducing layer 1 and 
non -magnetic intermediate layer 2 are the same as 
those on the conventional super-resolution magneto- 
optical recording medium explained by reference to Fig. 
31 and Fig. 32. In other words, the reproducing layer 1 
is made of a rare-earth transition metal alloy film having 
an RE rich composition, which is adjusted so as to exhibit 
in -plane magnetization at room temperature and to ex- 
hibit perpendicular magnetization at a temperature not 
less than the critical temperature Tp1. When, upon re- 
production, guide groove 6 is irradiated with a light beam 
5 while the substrate is in motion, the reproducing layer 
1 has a temperature rise not less than the critical tem- 
perature Tp1 at a downstream position (on the right of 
the Figure) of the light beam spot 7, thereby forming a 
rear aperture region 8 that exhibits perpendicular mag- 
netization. Areas other than the rear aperture region 8 
in the reproducing layer 1, which are maintained in an 
in- plane magnetization state, do not contribute to the re- 
producing operation. 

[0077] In the rear aperture region 8, a leakage mag- 
netic flux 70, released from the recording layer 3, and a 
magnetization from the reproducing layer 1 are magne- 
tostatically coupled through the non-magnetic interme- 
diate layer 2 so that the magnetization of the recording 
layer 3 is copied onto the reproducing layer 1 . Thus, it 
is possible to carry out a magnetically-inducedsuper- 
resol ut ion rep roducin gope rat ion . 

[0078] Here, in order to realize the above-mentioned 
magnetic property, the reproducing layer 1 is designed 
to have such a composition (RErich composition) that 
with respect to the compensation composition at which 
the magnetic moment of a transition metal (TM) and the 
magnetic moment of a rare -earth metal (RE) balance 
each other, the RE magnetic moment becomes predom- 
inant at room temperature. Thus, in the reproducing lay- 
er 1 , the direction of the TM magnetic moment and the 
direction of the total magnetic moment are set antipar- 
a I lei to each other. 

[0079] In the present embodiment, the above-men- 
tioned recording layer 3 is exchange-coupled to the flux 
adjustment layer 4 made of a rare-earth transition metal 
alloy having a different Curie temperature so that the 
leakage magnetic flux 70, re|eased from the recording 
layer 3 and the flux adjustment layer 4, is made to 
abruptly increase as the temperature rise. 
[0080] Referring to Figs. 2 and 3, the following de- 
scription will discuss the recording layer 3 and the flux 
adjustment layer 4 in detail. 

[0081] The above-mentioned recording layer 3 is 
made of a TbFeCo rare-earth transition metal alloy film 
having a TMrich composition with a coercive force of 
1 500 kA/m at room temperature. 

[0082] As illustrated in Fig. 3, the total moment (mag- 
netization) of the recording layer 3 (ell) has a magni- 
tude of approximately 40 emu/cc at room temperature, 
and it gradually increases as the temperature rises, and 
becomes greatest at 1 40°C, and then becomes zero at 



the Curie temperature Tc3 (260 e C). 
[0083] For this reason, as illustrated in Fig. 2, in the 
recording layer 3, the direction of the TM moment and 
the direction of the total magnetic moment are set par- 
$ allel to each other. 

[0084] In contrast, in the above-mentioned flux adjust- 
ment layer 4, since it is made of a TbFe rare-earth tran- 
sition metal alloy of a RE rich composition having a po- 
larity different from that of the recording layer 3, the di- 

io rection of the TM moment and the direction of the total 
magnetic moment are set anti-parallel to each other. 
Moreover, since an exchange coupling force is exerted 
between the recording layer 3 and the flux adjustment 
layer 4, the direction of the TM moment of the flux ad- 

15 justment layer 4 coincides with the direction of the TM 
moment of the recording layer 3. Therefore, the direction 
of the total moment of the flux adjustment layer 4 is set 
anti-parallel to the direction of the total moment of the 
recording layer 3. 

20 [0085] For reasons as described above, in Fig. 3, the 
size of the total moment (d 2) of the flux adjustment lay- 
er 4 having a polarity different from that of the recording 
layer 3 is indicated by a minus direction. In this case, 
the size of the total moment of the flux adjustment layer 

2S 4 is -40 emu/c at room temperature, and this gradually 
decreases as the temperature rises, and becomes zero 
at its Curie temperature Tc4 (120°C). 
[0086] Moreover, the leakage magnetic flux 70, re- 
leased from the recording layer 3 and the flux adjust - 

30 ment layer 4, is obtained by adding the total moment of 
the recording layer 3 to the total moment of the flux ad- 
justment layer 4. In Fig. 3. the change in the leakage 
magnetic flux 70 with temperature is indicated as the 
change (d 3) in the total magnetization with tempera- 

35 ture. 

[0087] When the change (c1 3) in the total magnetiza- 
tion with temperature is compared with the change (cr) 
in the magnetization of the conventional recording layer 
93 with temperature shown in Fig. 33 as well as with the 
40 change (c1 1 ) in the magnetization of the recording layer 
3 with temperature, it is found that an abrupt increase 
in the magnetization is realized in relation to the temper- 
ature rise. 

[0088] In this manner,.by stacking the flux adjustment 
45 layer 4 on the recording layer 3, it is possible to realize 
an abrupt increase in the leakage magnetic flux, 70 with 
a temperature rise. Therefore, upon irradiation with the 
light beam 5, a greater leakage magnetic flux 70 can be 
released from the recording layer 3 and the fiux adjust- 
50 ment layer 4 only at the temperature-rise area. In other 
words, as illustrated in Figs. 1 and 2, the irradiation with 
the light beam 5 allows the greater leakage magnetic 
flux 70 to be released only from the inside of the rear 
aperture region 8 that has been subjected to the tem- 
55 perature rise, thereby making it possible to provide a 
smaller rear aperture region 8 in a stable manner. 
[0089] Consequently, since only the magnetization of 
the recording magnetic domain 71b is copied from the 
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recording layer 3 to the reproducing layer 1 , it is possible 
to stably reproduce only the copied magnetic domain 
71b*. In other words, it is possible to provide a super- 
resolution reproducing operation with higher reproduc- 
ing resolution. 

[0090] Next, referring to Figs. 4 through 6. an expla- 
nation will be given of a magneto-optical recording me- 
dium in which the thickness of the flux adjustment layer 
4 is doubled. 

[0091] As illustrated in Fig. 5, the film-thickness of a 
flux adjustment layer 4' ol the present embodiment is 
double the film-thickness of the flux adjustment layer 4 
of the magneto-optical magneto-optical recording medi- 
um shown in Fig. 2. 

[0092] In this case, as shown in Fig. 6, the total mo- 
ment (c21 ) of the recording layer 3 and the total moment 
(c22) of the flux adjustment layer A' are respectively the 
same as the totat moment (cl1 ) of the recording layer 3 
and the total moment (cl2) of the flux adjustment layer 
4 shown in Fig. 3. However, since the film-thickness of 
the flux adjustment layer 4' is double the film -thickness 
of the recording layer 3, the total magnetization is ob- 
tained by adding the total moment of the recording layer 
3 to double the total moment of the flux adjustment layer 
4' (c23 = c21 + c22 x 2). 

[0093] In other words, the total magnetization of the 
recording layer 3 and the flux adjustment layer 4' is -40 
emu/cc at room temperature, and this increases to the 
greatest value at 140°C as the temperature rises, and 
becomes zero at the Curie temperature Tc3 (260° C) of 
the recording layer 3. 

[0094] With this arrangement, the total magnetization 
is allowed to increase more abruptly as the temperature 
rises so that since the leakage magnetic flux 70 also in- 
creases more abruptly, a smaller rear aperture region 8' 
is formed as shown in Fig. 4. 

[0095] Consequently, since only the magnetization of 
the recording magnetic domain 71b is copied from the 
recording layer 3 to the reproducing layer 1 , it is possible 
to stably reproduce only the copied magnetic domain 
71b'. 

[0096] Here, at an area that has not been subjected 
to a temperature rise, a total magnetization is formed by 
the recording layer 3 and the flux adjustment layer 4', 
with the result that a leakage magnetic flux 70" is exert- 
ed. However, at the area that has not been subjected to 
a temperature rise, the total magnetization formed by 
the recording layer 3 and the flux adjustment layer 4' is 
so small and the in-plane magnetization state in the re- 
producing layer 1 is maintained so stable that no mag- 
netization is copied from the recording layer 3 to the re- 
producing layer 1 . 

[0097] As described above, by forming the recording 
layer 3 and the flux adjustment layer 4" with its film-thick- 
ness adjusted, the total magnetization is allowed to in- 
crease more abruptly as the temperature rises. Since 
the leakage magnetic flux 70 also increases more 
abruptly, a smaller rear aperture region 8' is formed in a 



stable manner. 

[0098] Consequently, since only the magnet i2ation of 
the recording magnetic domain 71b is copied from the 
recording layer 3 to the reproducing layer 1 . it is possible 
s to stably reproduce only the copied magnetic domain 
71b'. In other words, it is possible to provide a super- 
resolution reproducing operation with higher reproduc- 
ing resolution. 

[0099] Next, referring to Figs. 7 and 8, an explanation 
io will be given of the construction of the magneto-optical 
recording medium in accordance with the present em- 
bodiment. Here, the following description will deal with 
a case in which the magneto-optical recording medium 
of the present embodiment is applied to a magneto-op- 
15 tical disk. 

[0100] As illustrated in Fig. 7, in the magneto-optical 
disk using the magneto-optical recording medium of the 
present embodiment, a transparent dielectric protective 
layer 1 4, a reproducing layer 1 , a non-magnetic inter- 
ne mediate layer 2, a recording layer 3, a flux adjustment 
layer 4 and a protective layer 15 are successively 
stacked on a substrate 13. 

[0101] The above-mentioned magneto-optical disk 
uses a Curie temperature recording system as its re- 

2B cording system. More specifically, a light beam 5, direct- 
ed from a semiconductor laser, is focused onto the re- 
producing layer 1 through the substrate 1 3 so as to allow 
the recording layer 3 to have a temperature rise not less 
than its Curie temperature Tc3. while an external mag- 

30 netic field is applied. thereto; thus, the magnetization di- 
rection of the recording layer 3 is controlled so as to car- 
ry out a recording operation. 

[0102] In contrast, with respect to a reproducing op- 
eration of the above-mentioned magneto-optical disk, 

35 the power of the light beam 5 is set weaker than that at 
the time of recording, and an information reproducing 
operation is carried out by utilizing a magneto-optical 
effect known as the polar Kerr effect. Here, the polar 
Kerr effect refers to a phenomenon in which the direction 

40 of the rotation of plane of polarization of the reflected 
light beam is reversed depending on the direction of 
magnetization perpendicular to the plane of incidence 
of a light beam. 

[01 03] The above-mentioned substrate 1 3 is made of 
45 a transparent base material such as, for example, poly- 
carbonate, and formed into a disk shape. Further, a 
guide groove 6, etc. are formed on the film-formation 
surface of the substrate 13. 

[0104] The above-mentioned transparent dielectric 
so protective layer 14 is preferably made of a transparent 
dielectric material such. as AIN, SiN, AISiN and Ta 2 0 3 , 
and its film-thickness is set so as to realize a preferable 
interference effect with respect to the incident light beam 
5 and to provide an increased polar Kerr rotation angle 
55 to the medium. 

[0105] Therefore, supposing that the wavelength of 
the light beam 5 is X, and that the refraction factor of the 
transparent dielectric protective layer 14 is n. the film- 
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thickness of the transparent dielectric protective layer 
14 is set at approximately /J(4n). For example, suppos- 
ing that the wavelength of the light beam 5 is 680 nm. 
the film-thickness of the transparent dielectric protective 
layer 1 4 is preferably set in the range of 40 to 1 00 nm. s 
[01 06] Moreover, it is possible for the transparent di- 
electric protective layer 14 to improve the super-resolu- 
tion reproducing characteristic by utilizing its optical in- 
terference effect. Moreover, together with the protective 
layer 15, the transparent dielectric protective layer 14 to 
shields from air the respective magnetic films, such as 
the reproducing layer 1 , the in-plane magnetization lay- 
er 9. the reproducing support layer 1 0, the recording lay- 
er 3 and the flux adjustment layer 4, so as to protect 
them from degradation due to oxidation, etc. 15 
[0107] The above-mentioned reproducing layer 1 is 
made of an alloy thin -film having a rare-earth transition 
metal alloy as its main component, and adjusted in its 
composition so that it exhibits in -plane magnetization at 
room temperature and comes to exhibit perpendicular 20 
magnetization as the temperature rises. The film-thick- 
ness of the reproducing layer 1 is set in the range of 20 
nm to 60 nm. Here, the film-thickness of the reproducing 
layer 1 less than 20 hm makes the transmitted luminous 
energy too large, thereby failing to obtain a good mask 25 
effect. Moreover, the film -thickness of the reproducing 
layer 1 exceeding 80 nm causes degradation in the re- 
cording sensitivity due to an increase in the film thick- 
ness. 

[0108] Moreover, the critical temperature Tp1 of the 30 
reproducing layer 1 at which a transition occurs from in- 
plane magnetization to perpendicular magnetization is 
preferably set from not less than 60 °C to not more than . 
250° C. In the case of the critical temperature Tp1 less 
than 60°C, the reproducing layer 1 comes to exhibit in- 35 
plane magnetization at a comparatively low tempera- 
ture; this weakens the front mask in the reproducing lay- 
er 1 , failing to provide a good reproducing resolution. In 
the case of the critical temperature Tp1 exceeding 
250° C, since it is required to subject the reproducing lay- *o 
er 1 to a temperature rise exceeding 250° C in order to 
allow it to exhibit perpendicular magnetization; there- 
fore, the recording layer 3 has to have a temperature 
rise to the vicinity of the Curie temperature Tc3, thereby 
narrowing the reproducing power margin to a great de- 45 
gree. 

[0109] The above-mentioned non-magnetic interme- 
diate layer 2 is installed so that an exchange coupling 
is not exerted between the reproducing layer 1 and the 
recording layer 3. With respect to the mate rial of the non- 50 
magnetic intermediate layer 2, non-magnetic metals 
such as Al, Si, Ti and Ta, non-magnetic metal alloys such 
as AISi, AITa and SiTa, and non-magnetic dielectrics 
such as AIN, SiN, AISiN and Ta 2 0 3 may be used. 
[0110] The film-thickness of the non-magnetic inter- 55 
mediate layer 2 is set in the range of 0.5 nm to 60 nm. 
The film-thickness of the non-magnetic intermediate 
layer 2 less than 0.5 nm makes it difficult to completely 



intercept the exchange coupling between the reproduc- 
ing layer 1 and the recording layer 3. thereby failing to 
maintain a stable magnetostatically coupled state be- 
tween them. Moreover, the film-thickness of the non- 
magnetic intermediate layer 2 exceeding 60 nm makes 
the reproducing layer 1 and the recording layer 3 apart 
from each other, thereby failing to maintain a stable 
magnetostatically coupled state between them. 
[0111] As described above, the non-magnetic inter- 
mediate layer 2 completely intercept the exchange cou- 
pling between the reproducing layer 1 and the recording 
layer 3 plus the flux adjustment layer 4 so that it is pos- 
sible to realize an excellent magnetostatic coupling be- 
tween the reproducing layer 1 and the recording layer 3 
plus the flux adjustment layer 4; thus, it becomes pos- 
sible to provide stable super-resolution reproducing 
characteristics. 

[0112] The above-mentioned recording layer 3 is a 
perpendicular magnetization film made of a rare-earth 
transition metal alloy. The film-thickness of the recording 
layer 3 is set in the range of 20 nm to 80 nm. In this case, 
the film-thickness of the recording layer 3 less than 20 
nm reduces a leakage magnetic flux released from the 
recording layer 3, with the result that a stable magneto- 
statically coupled state is not available between the re- 
producing layer 1 and the recording layer 3 plus the flux 
adjustment layer 4. Further, the film-thickness of the re- 
cording layer 3 exceeding 80 nm causes degradation in 
the recording sensitivity due to an increase in the film- 
thickness. / 

[0113] The above-mentioned flux adjustment layer 4 
is a perpendicular magnetization film made of a rare- 
earth transition metal alloy. The film-thickness of the flux 
adjustment layer 4 is set in the range of 20 nm to 80 nm. 
In this case, the film -thickness of the flux adjustment lay- 
er 4 less than 20 nm reduces a leakage magnetic flux 
released from the flux adjustment layer 4, with the result 
that a stable magnetostatically coupled state is not avail- 
able between the reproducing layer 1 and the recording 
layer 3 plus the flux adjustment layer 4. Further, the film- 
thickness of the flux adjustment layer 4 exceeding 80 
nm causes degradation in the recording sensitivity due 
to an increase in the film-thickness. 
[01 1 4] Moreover, with respect to magnetic properties 
of the recording layer 3 and the fiux adjustment layer 4, 
any of those may be used as long as at least their po- 
larities and Curie temperatures are different from, each 
other. For example, as explained referring to Figs. 2 and 
5, in the case when TbFeCo of a TMrich composition 
with a Curie temperature Tc3 is used as the recording 
layer 3, TbFe of an RE rich composition with a Curie tem- 
perature Tc4 may be used as the flux adjustment layer 4. 
[01 15] Here, it is necessary to set the Curie tempera- 
ture Tc3 of the recording layer 3 higher than the Curie 
temperature Tc4 of the flux adjustment layer 4. More 
specifically, the Curie temperature Tc3 of the recording 
layer 3 is preferably set from not less than 200°C to not 
more than 300°C, and the Curie temperature Tc4 of the 
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flux adjustment layer 4 is preferably set from not less 
than 100°C to not more than 200°C. Here, in the case 
when the Curie temperature Tc3 of the recording layer 
3 is lowe r than 200° C, since the critical temperature Tp1 
at which the reproducing layer 1 comes to exhibit per- 
pendicular magnetization and the Curie temperature 
Tc3 of the recording layer 3 approach each other, the 
reproducing power margin is extremely narrowed. 
Moreover, in the case when the Curie temperature Tc3 
of the recording layer 3 is higher than 300°C, since it is 
necessary to raise the temperature of the recording lay- 
er 3 to not less than 300° C so as to carry out a recording 
process, heat deterioration occurs in the magnetic thin- 
films such as the reproducing layer 1, the recording layer 
3 and the flux adjustment layer 4 due to a temperature 
rise. 

[01 1 6] Moreover, the Curie temperature Tc4 of the flux 
adjustment layer 4 is arranged so that a greater leakage 
magnetic flux 70 is released only from a temperature- 
rise area. More specifically, in the case when the Curie 
temperature Tc3 of the recording layer 3 is set from not 
less than 200°C to not more than 300° C, it is preferable 
to set the Curie temperature Tc4 of the flux adjustment 
layer 4 approximately in a range from not less than 
100°C to not more than 200°C. 

[01 1 7] Here, with respect to the combination of the re- 
cording layer 3 and the flux adjustment layer 4, for ex- 
ample, in the case of the application of TbFeCo of an 
RErich composition as the recording layer 3, TbFe of a 
TMrich composition may be used as the flux adjustment 
layer 4. 

[011 8] Moreover, as explained referring to Figs. 2 and 
5, among various combinations of the recording layer 3 
and the flux adjustment layer 4, it is preferable to control 
the film-thicknesses of the two layers so as to release 
an optimal leakage magnetic flux 70. 
[0119] Additionally, the above explanation was given 
only on the construction shown in Fig. 7; however, the 
present invention may be applied to any construction as 
long as the temperature dependence of the leakage 
magnetic flux 70 is optimized, and as shown in Fig. 8, 
the present invention may also be applied to a construc- 
tion in which the order of formation of the recording layer 
3 and the flux adjustment layer 4 is reversed, with suf- 
ficient effects, 

[01 20] The protective layer 1 5 is formed so as to pro- 
tect the rare-earth transition metal alloy used in the re- 
producing layer 1, the recording layer 3 and the flux ad- 
justment layer 4 from oxidation. With respect to materi- 
als for the protective layer. 15, transparent dielectrics, 
such as AIN, SiN, AISiN, and Ta 2 0 3 , and non-magnetic 
metal alloys, such as Al, Ti, Ta and Ni, may be used. 
The film-thickness of the protective layer 15 is set in the 
range of 5 nm to 60 nm. 

[0121] Furthermore, an uttraviolet-setting resin layer, 
a thermosetting resin layer, a lubricating layer, etc. may 
be formed on the protective layer 1 5, if necessary. 
[0122] Next, an explanation will be given on specific 



examples of the formation method and recording and 
reproducing characteristics of a magneto-optical disk 
(Fig. 7) having the above-mentioned construction. 

s (1 ) Formation method of the magneto-optical disk 

[0123] The formation method of the above-mentioned 

magnetOHJptical disk is described below. 

[0124] First, a substrate 13 made of polycarbonate, 

10 which has pre-grooves and pre-pits and is formed into 
a disk shape, is arranged in a sputter equipment in which 
an Al target, a GdFeCo alloy target, a TbFeCo alloy tar- 
get and a TbFe alloy target are respectively provided. 
After the sputter equipment has been evacuated to 1. X 

J5 10' 6 Torr, a mixed gas of argon and nitrogen is intro- 
duced and electric power is supplied to the Al target un- 
der a gas pressure of 4 x 10* 3 Torr; thus, a transparent 
dielectric protective layer 14 made of AIN is formed on 
the substrate 13, with a film-thickness of 80 nm. 

20 [0125] Second, after the sputter equipment has been 
evacuated to 1 x 10 -6 Torr again, argon gas is intro- 
duced and electric power is supplied to GdFeCo alloy 
target under a gas pressure of 4 x 10* 3 Torr; thus, a 
reproducing layer 1 made of Gdo 31 (Fe 0 80 Co 0 ^ 0 ) 0 69 is 

zs formed on the above-mentioned transparent dielectric 
protective layer 14 with a film thickness of 40 nm. Here, 
the reproducing layer 1 thus formed exhibits in -plane 
magnetization at room temperature, comes to exhibit 
perpendicular magnetization at 150°C, has its compen- 

30 sation temperature at 300°C. and also has its Curie tem- 
perature Tc1 at 320° C. 

[0126] Third, a mixed gas of argon and nitrogen is in- 
troduced and electric power is supplied to Al target un- 
der a gas pressure of 4 x 10 -3 Torr; thus, a non-mag - 
35 netic intermediate layer 2 made of AIN is formed on the 
above-mentioned reproducing layer 1; with a film-thick- 
ness of 3 nm. 

[0127] Fourth, after the sputter equipment has been 
evacuated to 1 x 1 0 -6 Torr, argon gas is introduced and 

40 electric power is supplied to TbFeCo alloy target under 
a gas pressure of 4 x 10 3 Torr; thus, a recording layer 
3 made of Tb 02 3(Fe 0 . B8 Co 0a12 )o.77 is formed on the 
above non-magnetic intermediate layer 2, with a film- 
thickness of 40 nm. Hece, the recording layer 3 thus 

4S formed has its compensation temperature at -50° C, 
serves as a perpendicular magnetization film of a TM- 
rich composition at temperatures higher than room tem- 
perature, has a coercive force of 1500 kA/m al room 
temperature, and also has its Curie temperature Tc3 at 

so 260° C. 

[01 28] Fifth, electric power is supplied to the TbFe al- 
loy target under a gas pressure of 4 x 10" 3 Torr; thus, a 
flux adjustment layer 4 made of Tb 0 30 Fe 0 70 is formed 
on the above-mentioned recording layer 3, with a film- 
55 thickness of 40 nm. Here, the flux adjustment layer 4 
thus formed serves as a perpendicular magnetization 
film of an RErich composition at temperatures higher 
than room temperature, has a coercive force of 500 kA/ 
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m at room temperature, and also has its Curie temper- 
ature Tc4 at 120°C. 

[01 29] Sixth, a mixed gas of argon and nitrogen is in- 
troduced and electric power is supplied to the Al target 
under a gas pressure of 4 X 10* 3 Torn thus, a protective 
layer 1 5 made of AIN is formed on the above-mentioned 
flux adjustment layer 4, with a film-thickness of 20 nm. 

(2) Recording and reproducing characteristics 

[01 30] The recording and reproducing characteristics 
of the above-mentioned magneto-optical disk will be ex- 
plained as follows; 

[01 31 ] Fig 9 is a graph that shows a mark-length de- 
pendence of CNR ( signal-to-noise ratio) obtained by 
carrying out measurements on the above-mentioned 
magncio-opncal disk (relerred to as sample #1 ) by using 
an optical pickup and a semconductor laser having a 
wavelength ot 650 nm (c3i) Here, these measure- 
ments were carried out by adjusting the line speed to 5 
m/s and the fcpioducing powei to 2.5 mW. Moreover, 
the marK-)ong:h dependence of CNR shown here rep- 
resents a signal-to-noise ratio of a reproducing signal 
obtained when recording magnetic domains, each hav- 
ing a length corresponding to a mark length, are suc- 
cessively formed with a pitch twice as long as the mark- 
length by using a magnetic -field modulation recording 
system. 

[01 32] Moreover, 1or comparative purposes, another 
graph is also shown in which a mark-length dependence 
of CNR is obtained by carrying out measurements on a 
magneto-optical disk (referred to as comparative sam- 
ple #r1 ) having no flux adjustment layer 4 in the above- 
mentioned construction (c32). In this case, since no flux 
adjustment layer 4 exists, the reproducing power of 
comparative sample #r1 was set at 2.3 mW, which was 
lower than the reproducing power of sample #1 . 
[0133] In Fig. 9, comparison made between sample 
#1 (c31) and comparative sample #rl (c32) shows that 
the CNR of sample #1 is higher than the CNR of com- 
parative sample #r1 in a range with short mark-lengths 
not more than a mark-length 500 nm. This shows that 
in sample #1 , since the flux adjustment layer 4 is in- 
stalled, a leakage magnetic flux 70, released from Ihe 
recording layer 3 and the flux adjustment layer 4, is al- 
lowed to increase more abruptly as the temperature ris- 
es; therefore, it is confirmed that narrower rear aperture 
regions 8 are formed stably and that the reproducing 
resolution has been improved. Thus, it becomes possi- 
ble to improve quality in the reproducing signal in the 
range with short mark-lengths, and consequently to re- 
produce information recording with a higher density. 
[0134] Additionally, in a range with longer mark- 
lengths not less than a mark-length of 500 nm, the CNR 
of comparative sample #r1 is slightly higher than the 
CNR of sample #1 . This is because, in sample #1 , the 
reproducing signal intensity becomes smaller in the 
longer mark-lengths because the rear aperture regions 



8 become smaller than those in the flux adjustment layer 
4. However, even with respect to the mark-lengths in this 
range, a CNR of approximately 50 dB was obtained so 
that no problem is raised in carrying out a signal repro- 
5 ducing operation on the magneto-optical disk of sample 
#1. Moreover, in order to reproduce magnetization re- 
corded with a high density, it is imperative to provide su- 
perior reproducing -signal quality in the range with short- 
er mark-lengths. 
to [0135] As described above, the magneto-optical re- 
cording medium of the present embodiment is constitut- 
ed by: a recording layer 3 made of a perpendicular mag- 
netization film; a reproducing layer 1 made of a magnetic 
film which exhibits in-plane magnetization at room tern- 
's perature and comes to exhibit perpendicular magneti- 
zation at a temperature not less than a critical temper- 
ature Tpl in such a manner that a portion having a per- 
pendicular magnetization state {magnetic domain 71b') 
is magnetically coupled to the recording layer 3 so as to 
20 copy the magnetization of a recording magnetic domain 
71b while a portion having an in-plane magnetization 
state is not allowed to copy any recording magnetic do- 
main in the recording layer 3; and a flux adjustment layer 
4 made of a perpendicular magnetization film which is 
25 stacked adjacent to the recording layer 3, has a mag- 
netic polarity different from that of the recording layer 3, 
and also has a Curie temperature Tc4 lower than the 
Curie temperature Tc3 of the recording layer 3. 
[01 36] With the formation of the flux adjustment layer 
30 4 adjacent to the recording layer 3, a leakage magnetic 
flux 70, released from the recording layer 3 and the flux 
adjustment layer 4, is made to rapidly grow with a tem- 
perature rise. In other words, since the recording layer 
3 and the flux adjustment layer 4, which are stackedad- 
35 jacent to each other, have mutually different magnetic 
polarities, their magnetizations are countervailed at 
room temperature so that the leakage magnetic flux 70 
is weakened. Upon reproducing a recording magnetic 
domain 71b of the recording layer 3, an area including 
40 the recording magnetic domain 71b related to the repro- 
ducing process is heated. At this time, since the Curie 
temperature of the flux adjustment layer 4 is lower than 
that of the recording layer 3, the magnetization of an 
area of the flux adjustment layer 4 corresponding to the 
45 recording magnetic domain to be reproduced is allowed 
to decrease or disappear. As a result, a leakage, mag- 
netic flux 70, which is strengthened by a corresponding 
decrement of the magnetization of the flux adjustment 
layer 4, appears and is copied onto the reproducing lay- 
so er 1 . 

[0137] Thus, the greater leakage magnetic flux 70 is 
generated from the recording layer 3 and the flux adjust- 
ment layer 4 only at areas having a temperature rise by 
irradiation with a light beam 5. In other words, since, up- 
55 on irradiation with the light beam 5, a greater leakage 
magnetic flux 70 is generated only from the inside of a 
rearaperture region 8 havinga greater temperature rise, 
it is possible to form a smaller rear aperture region 8 in 
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a stable manner. 

[0138] Therefore, only the magnetization of the re- 
cording magnetic domain 71b to be reproduced is cop- 
ied from the recording layer 3 to the reproducing layer 
1 so that it is possible to reproduce only the copied mag- 
netic domain 71b' stably. Consequently, it becomes pos- 
sible to provide a super-resolution reproducing opera- 
tion with a high reproducing resolution. 
[01 39] Moreover, the magneto-optical recording me- 
dium of the present embodiment has either a construc- 
tion in which, on the substrate 13, the transparent die- 
lectric protective layer 1 4, the reproducing layer 1 , the 
non-magnetic intermediate layer 2, the recording layer 
3, the flux adjustment layer 4, and the protective layer 
1 5 are stacked in this order, or a construction in which, 
on the substrate 13, the transparent dielectric protective 
layer 14, the reproducing layer 1, the non-magnetic in- 
termediate layer 2, the flux adjustment layer 4, the re- 
cording layer 3 and the protective layer 15 are stacked 
in this order. 

[0140] With the above-mentioned constructions, 
since the reproducing layer 1 is installed on the light- 
incidence side of the light beam 5, it is possible to obtain 
a magnetic super- resolution reproducing operatbn with 
the above-mentioned high reproducing resolution, and 
since the non-magnetic intermediate layer 2 completely 
intercept an exchange coupling exerted between the re- 
producing layer 1 and the recording layer 3 plus the flux 
adjustment layer 4, it is possible to realize a superior 
magnetostatic coupling between the reproducing layer 
1 and the recording layer 3 plus the flux adjustment layer 
4. 

[Embodiment 2] 

[01 41 ] Referring to Figs. 1 0 through 1 3, the following 
description will discuss another embodiment of the 
present invention. Here, for convenience of explanation, 
those members having the same construction as those 
explained in Embodiment 1 are indicated by the same 
reference numerals and the description thereof is omit- 
ted. 

[01 42] As illustrated in Fig. 1 1 , the magneto-optical re- 
cording medium of the present embodiment has a con- 
struction in which an in-plane magnetization layer 9 hav- 
ing a Curie temperature Tc9 in the vicinity of the critical 
temperature Tpi of the reproducing layer 1 at which it 
comes to exhibit perpendicular magnetization from in- 
plane magnetization is stacked in contact with the re- 
producing layer 1 of the magneto-optical recording me- 
dium (see Fig. 2) of Embodiment 1 . Here, with respect 
to arrows shown in Fig. 11 , each of the thin arrows indi- 
cates the direction of a magnetic moment of a transition 
metal (TM) t each of the thick arrows indicates the size 
and direction of a total moment, and each of void arrows 
indicates the size and direction of a leakage magnetic 
flux. 

[01 43] Referring to Fig. 1 2, an explanation will be giv- 



en of the construction of the magneto-optical recording 
medium in accordance with the present embodiment. 
Here, the explanation exemplifies a case in which the 
magneto-optical recording medium is applied to a mag- 

s neto-optical disk. 

[01 44] The magneto-optical disk to which the magne- 
to-optical recording medium of the present embodiment 
is applied has a construction in which a transparent di- 
electric protective layer 14. a reproducing layer 1, an in- 

70 plane magnetization layer 9, a non-magnetic intermedi- 
ate layer 2, a recording layer 3, a flux adjustment layer 
4 and a protective layer 1 5 are successively stacked on 
a substrate 1 3, 

[0145] Here, with respect to the above-mentioned 
*5 substrate 1 3, the transparent dielectric protective layer 
14, the reproducing layer 1 , the non-magnetic interme- 
diate layer 2, the recording layer 3 : the flux adjustment 
layer 4 and the protective layer 1 5, the same materials 
as described in Embodiment 1 may be used in the same 
20 manner. Moreover, as explained in Embodiment 1 , the 
order of layer formation of the recording layer 3 and the 
flux adjustment layer 4 may be reversed to that of Fig. 
12. 

[0146] With respect to its magnetic property, the in- 
2S plane magnetization layer 9 needs to always exhibit in- 
plane magnetization from room temperature to its Curie 
temperature Tc9. Further, the Curie temperature Tc9 of 
the in-plane magnetization layer 9 is preferably set in 
the range of not less than 60° C to not more than 200°C, 
30 and the Curie temperature Tc9 of the in-plane magnet- 
ization layer 9 is also preferably set at virtually the same 
temperature as the critical temperature Tp1 at which the 
reproducing layer 1 changes to exhibit perpendicular 
magnetization from in -plane magnetization. 
35 [0147] .With this construction, the application of the 
flux adjustment layer 4 allows the leakage magnetic flux 
70 released from the recording layer 3 and the flux ad- 
justment layer 4 upon temperature rise to have a more 
abrupt increase, and the application of the in-plane mag- 
40 netization layer 9 allows the transition from in-plane 
magnetization to perpendicular magnetization of the re- 
cording layer 1 at the time of a temperature rise to take 
place more abruptly. Therefore, it is possible to further 
improve the reproducing resolution of the magneto-op- 
45 tical disk. 

[0148] Next, explanations will be given of specific ex- 
amples of the formation method and the recording and 
reproducing characteristics of the magneto-optical disk 
(Fig. 1 2) having the above-mentioned construction. 

so 

(1) Formation method of the magneto-optical disk 

[01 49] The formation method of the magneto-optical 
disk is explained as follows: 
55 [01 50] First, in the same manner as Embodiment 1 , a 
transparent dielectric protective layer 14 made of AIN 
having a film-thickness of 80 nm and a reproducing layer 
1 made of Gd 0 31 (Fe 0 B Co 0 ^o) 0 69 having a film-thick- 
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ness of 40 nm are formed on a substrate 13. After for- 
mation of the reproducing layer 1, electric power is suc- 
cessively supplied to a GdFeAl target under a gas pres- 
sure of 4 x 10* 3 Torr; thus, an in-plane magnetization 
layer 9 made of (Gdg ijFeoggJojgAlo^ having a film- 5 
thickness of 20 nm is formed. Here, the in-plane mag- 
netization layer 9 thus formed is an in-plane magnetiza- 
tion film which has a Curie temperature Tc9 at 120°C 
and exhibits magnetization in a direction in parallel with 
the film plane from room temperature to the Curie tern- io 
perature Tc9. 

[0151] Thereafter, in the same manner as Embodi- 
ment 1 , on the above-mentioned in-plane magnetization 
layer 9 are successively formed a non-magnetic inter- 
mediate layer 2 made of AIN having a film-thickness of is 
3 nm, a recording layer 3 made of Tb 02 3 
( Fe o.38 Co o.i 2)0.77 n a v '^9 a film-thickness of 40 nm, a 
flux adjustment layer 4 made of Tb 0 30 Fe 0 70 having a 
film-thickness of 40 nm and a protective layer 1 5 made 
of AIN having a film-thickness of 20nm. 20 

(2) Recording and reproducing characteristics 

[0152] The recording and reproducing characteristics 

of the above-mentioned magneto-optical disk will be ex- 2s 

plained as follows: 

[01 53] Fig. 1 3 is a graph that shows a mark-length de- 
pendence of CNR (signal-to-noise ratio) obtained by 
carrying out measurements on the above-mentioned 
magneto-optical disk (referred to as sample #2) by using 30 
an optical pickup and a semiconductor laser. having a 
wavelength, of 680 nm (c41). Here, these measure- 
ments were carried out by adjusting the line speed to 5 
m/s and the reproducing power to 2.8 mW. Moreover, 
the mark-length dependence of CNR shown here rep- 3S 
resents a signal-to-noise ratio of a reproducing signal 
obtained when recording magnetic domains, each hay- 
ing a length corresponding to a mark length, are suc- 
cessively formed with a pitch twice as long as the mark- 
length by using a magnetic-field modulation recording 40 
system. 

[0154] Moreover, for comparative purposes, another 
graph is also shown in which a mark-length dependence 
of CNR is obtained by carrying out measurements on a 
magneto-optical disk (referred to as comparative sam- 45 
pie #r2) having no flux adjustment layer 4 in the above- 
mentioned construction (c42). In this case, since no flux 
adjustment layer 4 exists, the reproducing power of 
comparative sample #r2 was set at 2.5 mW, which, was 
lower than the reproducing power of sample #2. so 
[0155] When sample #2 (c41 ) and comparative sam- 
ple #r2 (c42) in Fig. 1 3 are respectively compared with 
sample #1 (c31) and comparative sample #r1 (c32) 
shown in Fig. 9, it is confirmed that the CNRs of sample 
#2 and comparative sample #r2 are higher by 4dB to ss 
5dB in a range with short mark-lengths. This is because 
the installation of the in-plane magnetization film 9 has 
strengthened the in-plane magnetization mask (front 



mask) in the reproducing layer 1 and consequently, the 
reproducing resolution has improved. 
[0156] Moreover, in Fig. 13, comparison made be- 
tween sample #2 (c41) and comparative sample #r2 
(c42) indicates that the CNR of sample #2 is higher than 
the CNR of comparative sample #r2 in a range having 
short mark-lengths not more than a mark length of 550 
nm. This shows that, in the same manner as Embodi- 
ment 1, in sample #2, since the flux adjustment layer 4 
is installed, a leakage magnetic flux 70, released from 
the recording layer 3 and the. flux adjustment layer 4, is 
allowed to increase more abruptly as the temperature 
rises; therefore, it is confirmed that narrower rear aper- 
ture regions 21 are lormed stably and that the reproduc- 
ing resolution has improved. Thus, it becomes possible 
to improve quality in the reproducing signal in the range 
with short mark -lengths, and consequently to reproduce 
information recording with a higher density. 
[0157] Additionally, in a range with longer mark- 
lengths not less than a mark-length of 500 nm, the CNRs 
of sample #2 and comparative sample #r2 are virtually 
the same, which indicates that sufficient quality in the 
reproducing signal is achieved in the range with long 
mark-lengths in both of the cases. 
[0158] As described above, in addition to the repro- 
ducing layer 1 , the recording layer 3 and the flux adjust- 
ment layer 4 related to Embodiment 1 , the magnetoop- 
tical recording medium of the present embodiment is 
provided with the in-plane magnetization layer 9 in 
which a magnetic film, which exhibits in-plane magnet- 
ization at room temperature and has a Curie tempera- 
ture Tc9 in the vicinity of the critical temperature Tpi of 
the reproducing layer 1, is stacked between the repro- 
ducing layer 1 and the recording layer 3. 
[0159] The formation of the in-plane magnetization 
layer 9 between the reproducing layer 1 and the record- 
ing layer 3 makes it possible to further strengthen the 
in-plane magnetization mask in the reproducing layer 1 . 
In other words, at room temperature, the in -plane mag- 
netization layer 9 forms an in-plane magnetization mask 
against a leakage magnetic flux. released from the re- 
cording layer 3 and the flux adjustment layer 4. Then, 
upon reproducing, since an area including the recording 
magnetic domain 71 b to be reproduced is heated to the 
vicinity of the critical temperature Tpi of the reproducing 
layer 1 due to irradiation with the light beam 5, this area 
in the in-plane magnetization layer 9 has reached the 
Curie temperature Tc9, thereby losing magnetization. 
Consequently, only the in-plane magnetization mask at 
the area including the recording magnetic domain 71b 
to be reproduced is released. 

[0160] This allows a transition from in-plane magnet- 
ization to perpendicular magnetization in the reproduc- 
ing layer 1 at the time of a temperature rise to take place 
more abruptly. 

[0161] Therefore, only the magnetization of the re- 
cording magnetic domain 71 b is copied from the record- 
ing layer 3 to the reproducing layer 1 so that it is possible 
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to reproduce only the copied magnetic domain 71b' sta- 
bly Consequently, it becomes possible to provide a su- 
per-resolution reproducing operation with a high repro- 
ducing resolution. 

[01 62] Moreover, the magneto-optical recording me- 
dium of the present embodiment has either a construc- 
tion in which a transparent dielectric protective layer 14, 
a reproducing layer 1 , an in-plane magnetization layer 
9, a non-magnetic intermediate layer 2, a recording lay- 
er 3, a flux adjustment layer 4 and a protective layer 1 5 
are successively stacked on a substrate 13, or a con- 
struction in which a transparent dielectric protective lay- 
er 14. a reproducing layer 1, an in-plane magnetization 
layer 9. a non-magnetic intermediate layer 2, a flux ad- 
justment layer 4. a recording layer 3 and a protective 
layer 15 are successively stacked on a substrate 13. 
[0163] With the above-mentioned constructions, 
since the reproducing layer i is installed on the light- 
incidence side ot the light beam 5 and since the in-plane 
magnetization mask ol the reproducing layer 1 is 
strengthened by the in-plane magnetization layer 9, it is 
possible to obtain a magnetic super-resolution repro- 
ducing operation with the above-mentioned high repro- 
ducing resolution and since the non-magnetic interme- 
diate layer 2 completely intercept an exchange coupling 
exerted between the reproducing layer 1 plus the in- 
plane magnetization layer 9 and the recording layer 3 
plus the flux adjustment layer 4, it is possible to realize 
a superior magnetostalic coupling between the repro- 
ducing layer 1 plus the in-plane magnetization layer 9 
and the recording layer 3 plus the flux adjustment layer 
4. 

[0164] Additionally, in the above-mentioned Embodi- 
ment 1 and Embodiment 2, the explanations exemplified 
cases in which GdFeCo is used as the reproducing layer 
1, GdFeAl is used as the in-plane magnetization layer 
9, TbFeCo is used as the recording layer 3, and TbFe 
is used as the flux adjustment layer 4; however, the 
present invention is not intended to be limited by these 
materials, and any material may be used as long as it 
satisfies the required magnetic properties. 
[0165] With respect to the recording layer 3, besides 
TbFeCo, rare-earth transition metal alloy thin films- 
made of materials such as DyFeCo, TbDyFeCo, GdDy- 
FeCo, GdTbFeCo and GdTbDyFeCo may be adopted. 
[01 66] With respect to the flux adjustment layer 4, be- 
sides TbFe, rare-earth transition metal alloy thin films 
made of materials such as DyFe, TbFeCo, DyFeCo, Tb- 
DyFeCo, GdDyFeCo, GdTbFeCo and GdTbDyFeCo 
may be adopted. 

[0167] With respect to the reproducing layer 1, any 
material is adopted as long as it exhibits in-plane mag- 
netization at room temperature and comes to exhibit 
perpendicular magnetization as the temperature rises, 
and besides GdFeCo, rare-earth transition metal alloy 
films made of materials such as GdDyFeCo and GdTb- 
FeCo may be adopted. 

[01 68] With respect to the in-plane magnetization lay- 



er 9, besides GdFeAl, in-plane magnetization films 
made of the following materials may be adopted: GdFe 
and GdFeD, or GdFeCoD (where D is made of at least 
one element selected from the group consisting of Y, Ti. 

s V, Cr, Pd, Cu and Si or two or more elements of these), 
and GdHRFe, or GdHRFeCo, or GdHRFeCoD (where 
HR is a heavy rare earth metal that is made of at least 
one element selected from the group consisting of Tb, 
Dy, Ho and Er, or two or more elements of these, and D 

10 is made of at least one element selected from the group 
consisting of Y, Ti, V, Cr, Pd, Cu, Al and Si or twoor more 
elements of these), and GdLRfe, or GdLRFeGo, or GdL- . 
RFeCoD (where LR is a light rare earth melaf made of 
at least one element selected from the group consisting 

is of Ce, Pr, Nd and Sm, or two or more elements of these, 
and D is made of at least one element selected from the 
group consisting of Y, Tt, V, Cr, Pd, Cu, Al and Si, or two 
or more elements of these). 

[0169] Moreover, in the above-mentioned Embodi- 
20 menls 1 and 2, a recording assist layer, which is made 
of, for example, GdFeCo, and has a higher Curie tem- 
perature and a smaller coercive force than the recording 
layer 3, may be formed in contact with the recording lay- 
er 3, in order to achieve a low-magnetic field recording 
2S operation. 

[Embodiment 3] 

[0170] Referring to Figs. 1 4 through 1 8, the following 
30 description will discuss still another embodiment of the 
present invention. Here, for convenience of description, 
those members having the same constructions as those 
explained in Embodiment 1 and Embodiment 2 are in- 
dicated by the same reference numerals, and the de- 
35 scription thereof is omitted. 

[0171] First, referring to Figs. 14 through 18, an ex- 
planation will be given of a reproducing state of the mag- 
neto-optical recording medium of the present embodi- 
ment. 

40 [0172] The magneto-optical recording medium of the 
present embodiment, which has the same construction 
as the magneto-optical recording medium (Fig. 2) of 
Embodiment 1 having the flux adjustment layer 4, is 
modified in such a manner that upon reproduction, a 

45 temperature-rise area not less than the Curie tempera- 
ture is formed within the area that is being irradiated with 
a light beam 5. 

[0173] First, referring to Figs. 14 through 16, an ex- 
planation will be given of a reproducing state of the mag- 
so neto-optical recording medium of the present embodi- 
ment. 

[0174] As illustrated in Fig. 15, in a magneto-optical 
recording medium of the present embodiment, a flux ad- 
justment layer 4 is formed on the substrate in addition 
ss to the reproducing layer 1 , the non -magnetic intermedi- 
ate layer 2 and the recording layer 3 in the same manner 
as embodiment 1 . Here, with respect to arrows shown 
in Fig.- 15, each ot the thin arrows indicates the direction 
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of a magnetic moment of a transition metal (TM), each 
of the thick arrows indicates the size and direction of a 
total moment, and each of void arrows indicates the size 
and direction of a leakage magnetic flux. 
[0175] The above-mentioned reproducing layer 1 is a 
magnetic film that is adjusted in its composition so that 
it exhibits in-plane magnetization at room temperature 
and also exhibits perpendicular magnetization from the 
critical temperature Tp1, at which a transition occurs 
from in-plane magnetization to perpendicular magneti- 
zation, to the Curie temperature Tc1 . Then, in the repro- 
ducing layer 1 , a portion that is in the perpendicular mag- 
netization state is magnetically coupled to the recording 
layer 3 so as to copy the magnetization of the recording 
layer 3, while a portion that is in the in-plane magneti- 
zation state and a portion that has a temperature-rise 
not less than the Curie temperature Tel are not allowed 
to copy the magnetization of the recording layer 3. 
[0176] As illustrated in Fig. 14, in the above-men- 
tioned magneto-optical recording medium, a light beam 
5 is beam-condensed and directed onto the reproducing 
layer 1 so as to carry out recording and reproducing op- 
erations. In this case, recording magnetic domains 71 
are recorded along a guide groove 6, which shows a 
reproducing state.^ 

[0177] When the above magneto-optical recording 
medium is irradiated with a light beam 5, three temper- 
ature areas are formed. These temperature areas in- 
clude a first temperature area 31 that does not have a 
temperature rise exceeding the critical temperature Tp1 
of the reproducing layer 1 , a second temperature area 

32 that has a temperature not less than the critical tem- 
perature Tp1 of the reproducing layer 1 and not more 
than the Curie temperature Tc1 of the reproducing layer 
1 , and a third temperature area 33 that has a tempera- 
ture rise not less than the Curie temperature Tc1 of the 
reproducing layer 1 . 

[0178] In the first temperature area 31, since the re- 
producing layer 1 exhibits in-plane magnetization, a 
leakage magnetic flux 70', released from the recording 
layer 3 that is in the perpendicular magnetization state, 
is not magnetostatically coupled to the magnetization of 
the reproducing layer 1 through the non-magnetic inter- 
mediate layer 2. In other words, the magnetizations of 
recording magnetic domains 71 and 71a are masked by 
the first temperature area 31 and not copied. 
[01 79] I ri the third temperature area 33 also, since the 
reproducing layer 1 has a temperature rise not less than 
the Curie temperature Tc1 , a leakage magnetic flux 70" 
released from the recording layer 3 is not magnetostat- 
ically copied to the magnetization of the reproducing lay- 
er 1 through the non-magnetic intermediate layer 2. In 
other words, the magnetization of a magnetic domain 
71c on the recording layer 3 is masked by the third tem- 
perature area 33, and not copied. 
[0180] Therefore, double masks are formed by the 
first temperature area 31 and the third temperature area 

33 which respectively mask recording magnetic do- 



mains 71 a and 71c adjacent to the recording magnetic 
domain 71b to be reproduced. Consequently, among the 
three temperature areas formed in the above-men- 
tioned magneto-optical recording medium, only the sec- 
5 ond temperature area 32 is allowed to copy the magnet- 
ization of the recording layer 3. In other words, the leak- 
age magnetic flux .70 released from the recording layer 

3 is magnetostatically coupled to the magnetization of 
the reproducing layer 1 through the non -magnetic inter- 
na mediate layer 2 so that the magnetizations of the record- 
ing magnetic domains 71 b and 71 d of the recording lay- 
er 3 are copied on the reproducing layer 1 as magnetic 
domains 71b' and 71 d\ Here, of the magnetic domains 
71 b" and 71 d' that are copied in an area within the see- 
rs ond temperature area 32 in the reproducing layer 1 , only 

the magnetic domain 71b' that is located within the 
range of a light beam spot 7 is reproduced, and the mag- 
netic domain 71 d' that is not adjacent to the magnetic 
domain 71b' does not contribute to the reproducing op- 
20 eralion. 

[0181] Thus, it is possible to greatly narrow the area 
which copies the magnetization of the recording layer 3 
and is located within the spot of the light beam 5 that 
has been directed. Therefore, even if the recording-bit 

2S diameter and the recording -bit intervals of the recording 
layer 3 are very small, a recording bit to be reproduced 
is reproduced in a separated mannerfrom recording bits 
adjacent to this recording bit, thereby making it possible 
to carry out a magnetic super-resolution reproducing 

30 process with a higher reproducing resolution even in the 
case of the application of a shorter mark length. :V 
[0182] Moreover, in the above-mentioned magneto- 
optical recording medium, by stacking the flux adjust- 1 
ment layer 4 in contact with the recording layer 3, it is 

35 possible, to realize an abrupt increase in the leakage . 
magnetic flux released from the recording layer 3 and 
the flux adjustment layer 4 with a temperature rise. As 
compared with a case in which no flux adjustment layer 

4 is adopted, this allows a transition from in-plane mag- 
40 netization to perpendicular magnetization in the repro- 
ducing layer 1 to take place more abruptly, thereby mak- 
ing it possible to improve the reproducing resolution. 
[0183] In Embodiment. 1 , the explanation was given 
of a case in which TbFeCo having a TMrich composition 

45 js used as the recording layer 3 and TbFe having a RE- 
rich composition is used as the flux adjustment layer 4; 
however, in the present embodiment, an explanation will 
be given of a case in which TbFeCo having a RErich 
composition is used as the recording layer 3 and TbFe 
so having a TMrich composition is used as the flux adjust- 
ment layer 4. fM . 
[0184] As illustrated in Fig. 15, since the recording lay- 
er 3 has the RErich composition, the direction of its TM , 
moment is anti-parallel to the direction of the total mo- 
ss ment. In contrast, since the flux adjustment layer 4 has 
the TMrich composition, the direction of its TM moment 
is parallel to the direction of the total moment. Then, the 
recording layer 3 and the flux adjustment layer 4 are 
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stacked in contact with each other, with the result that 
an exchange coupling force is exerted between the two 
layers; therefore, since the directions of TM moments of 
the two layers are parallel to each other, the total mo- 
ments of the two layers are set anti-parallel to each oth- 
er. 

[0185] Fig. 16 shows a specific example that indicates 
the temperature dependence of the total moment of the 
recording layer 3 and the total moment of the flux ad- 
justment layer 4 and the total magnetization that is ob- 
tained by adding the total moments of the two layers. 
Here, sincethe total moment of the flux adjustment layer 
4 is anti-parallel to the total moment of the recording lay- 
er 3, the total moment of the flux adjustment layer 4 is 
indicated by a minus value. 

[01 86] The recording layer 3 is made of TbFeCo with 
a film thickness of 30 nm, which is maintained in the RE- 
rich composition from room temperature to the Curie 
temperature Tc3 (260°C) and which has a coercive force 
of 500 kA/m at room temperature. The total moment 
(c51) of the recording layer 3, which is 110 emu/cc at 
25° C, gradually decreases as the temperature rises, 
and reaches zero at the Curie temperature Tc3 (260" C). 
[0187] The flux adjustment layer 4 is made of TbFe 
with a film thickness of 60 nm, which is maintained in 
the TMrich composition at room temperature and which 
has a coercive force of 600 kA/m at room temperature 
and a Curie temperature Tc4 of 120°C. The total mo- 
ment (c52) of the flux adjustment layer 4. which is - 50 
emu/cc at 25°C. gradually increases as the temperature 
rises, and reaches zero at the Curie temperature Tc4 
(140°C). 

[0188] Here, the total magnetization (c53) , which is 
formed by the recording layer 3 and the flux adjustment 
layer 4 by adding the total moments of the two layers, 
while'taking into consideration the film thicknesses of 
the recording layer 3 and the flux adjustment layer 4, 
shows an abrupt rise in the range of 25° C to 1 40° C. 
[0189] In this manner, even in the case when the Tb- 
FeCo having an RE rich composition is used as the re- 
cording layer 3 and the TbFe having a TMrich composi- 
tion is used as the flux adjustment layer 4, it is possible 
to realize an abrupt increase in the total magnetization 
with a temperature rise in the same manner as Embod- 
iment 1 ( and consequently to improve the reproducing 
resolution. 

[0190] Referring to Fig. 17, an explanation will be giv- 
en of the construction of the magnet ooptica I recording 
medium in accordance with the present embodiment. 
Here, the explanation exemplifies a case in which the 
magneto-optical recording medium is applied to a mag- 
neto-optical disk. 

[0191] The magneto-optical recording medium of the 
present embodiment is constituted by a transparent di- 
electric protective layer 1 4, a reproducing layer 1 , a non- 
magnetic intermediate layer 2 : a recording layer 3, a flux 
adjustment layer 4 and a protective layer 1 5 that are suc- 
cessively stacked on a substrate 13. 



[0192] Here, with respect to the above-mentioned 
substrate 13, the transparent dielectric protective layer 
1 4. the non-magnetic intermediate layer 2, the recording 
layer 3, the flux adjustment layer 4 and the protective 

5 layer 1 5, the same materials as described in Embodi- 
ment 1 may be used in the same manner. Moreover, as 
explained in Embodiment 1 , the order of layer formation 
of the recording layer 3 and the flux adjustment layer 4 
may be reversed to that of Fig. 1 7. 

io [01 93] The reproducing layer 1 is preferably designed 
so that it exhibits in-plane magnetization at room tem- 
perature, comes to exhibit perpendicular magnetization 
at a temperature not less than the critical temperature 
Tp1, and allows a temperature-rise area not less than 

is the Curie temperature Tc1 to be formed within the light 
beam spot 7 on the reproducing layer 1 to which the tight 
beam 5 is being directed, during a reproducing opera- 
tion. More specifically, an alloy thin film mainly made of 
a rare-earth transition metal alloy may be adopted, and 

20 its Curie temperature Tc1 is preferably set in the range 
of not less than 1 50°C to not more than 250° C. 
[01 94] In the case when the Curie temperature Tc1 of 
the reproducing layer 1 is lower than 150°C, the polar 
Kerr rotation angle becomes smaller as the Curie tem- 

2S perature Tc1 of the reproducing layer 1 decreases, 
thereby failing to provide a sufficient reproducing signal. 
Moreover, when the Curie temperature Tc1 of the repro- 
ducing layer 1 exceeds 250*C, the Curie temperature 
Tc1 of the reproducing layer 1 and the Curie temperature 

30 Tc3 of the recording layer 3 come closer to each other, 
thereby causing a reduction in the reproducing power 
margin. 

[0195] Moreover, the .reproducing layer 1 is set to 
have a film thickness of 20 nm to 80 nm. Here, the film 

35 thickness of the reproducing layer 1 thinner than 20 nm 
causes an increase in the quantity of light to be trans- 
mitted therethrough, thereby failing to provide a desired 
masking effect. Further, the film thickness of the repro- 
ducing layer 1 thicker than 80 nm causes degradation 

40 jn the recording sensitivity due to the increase in the film 
thickness. 

[01 96] Next, explanations will be given of specific ex- 
amples of the formation method and the recording and 
reproducing characteristics of the magneto-optical disk 
45 (Fig. 1 7) having the above-mentioned construction. 

(1 ) Formation method of the magneto-optical disk 

[01 97] The formation method of the magneto-optical 
so disk is explained as follows: 

[01 98] First, in the same manner as Embodiment 1 , a 
transparent dielectric protective layer 14 made of AIN 
having a film-thickness of 80 nm is formed on a sub- 
strate 13. 

ss [01 99] Second, after the sputter equipment has been 
evacuated again to 1 x 10 -6 Torr, argon gas is intro- 
duced and electric power is supplied to the GdFe Al alloy 
target under a gas pressure of 4 X 10r 3 Torr; thus, a 
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reproducing layer 1 made. of (Gd 0 3o^ e o .70)0 93 A 'o .07 ' s 
formed on the transparent dielectric protective layer 1 4, 
with a film-thickness of 40 nm. Here, the reproducing 
layer 1 thus formed exhibits in -plane magnetization at 
room temperature and comes to exhibit perpendicular s 
magnetization at 120°C, and its Curie temperature Tel 
is 200°C. 

[0200] Third, a mixed gas of argon and nitrogen is in- 
troduced and electric power is supplied to the Al target 
under a gas pressure of 4 x 10 -3 Torr; thus, a non-mag- 10 
netic intermediate layer 2 made of AIN is formed on the 
reproducing layer 1 , with a film thickness of 3 nm. 
[0201] Fourth, after the sputter equipment has been 
evacuated to 1 x 1 0' 6 Torr, argon gas is introduced and 
electric power is supplied to TbFeCo alloy target under 15 
a gas pressure ol 4 x 10" 3 Torr; thus, a recording layer 
3 made of Tb 0 2a (Fe 036 Co 0 14 ) 0 72 is formed on the 
above non-magnetic intermediate layer 2, with a film- 
thickness of 30 nm. Here, the recording layer 3 thus 
formed serves as a perpendicular magnetization film of 20 
a RErich composition at temperatures higher than room 
temperature, has a coercive force of 500 kA/m at room 
temperature, and also has its Curie temperature Tc3 at 
260° C. 

[0202] Fifth, electric power is supplied to the TbFe al- 2S 
loy target under a gas pressure of 4 x 1 0' 3 Torr; thus, a 
flux adjustment layer 4 made of Tb 0 23 Fe 0 77 is formed 
on the above-mentioned recording layer 3, with a film- 
thickness of 60 nm. Here, the flux adjustment layer 4 
thus formed serves as a perpendicular magnetization 30 
film of a TMrich composition at temperatures higher than , 
room temperature, has a coercive force of 600 kA/m at 
room temperature, and also has its Curie temperature 
Tc4at140°C. 

[0203] Sixth, a mixed gas of argon and nitrogen is in- 35 
troduced and electric power is supplied to the Al target 
under a gas pressure of 4 x 10* 3 Torr; thus, a protective 
layer 15 made of AIN is formed on the above-mentioned 
flux adjustment layer 4, with a film-thickness of 20 nm. 

40 

(2) Recording and reproducing characteristics 

[0204] The recording and reproducing characteristics . 
of the above-mentioned magneto-optical disk will be ex- 
plained as follows: 45 
[0205] Fig. 18 is a graph that shows a mark-length de- 
pendence of CNR (signal-to-noise ratio) obtained by 
carrying out measurements on the above-mentioned 
magneto-optical disk (referred to as sample #3) by using 
an optical pickup and a semiconductor laser having a 50 
wavelength of 680 nm (c61). Here, these measure- 
ments were carried out by adjusting the line speed to 5 
m/s and the reproducing power to 3.0 mW. Moreover, 
the mark-length dependence of CNR shown here rep- 
resents a signal-to-noise ratio of a reproducing signal ss 
obtained when recording magnetic domains, each hav- 
ing a length corresponding to a mark length, are suc- 
cessively formed with a pitch twice as long as the mark- 



length by using a magnetic-field modulation recording 
system. 

[0206] Moreover, for comparative purposes, another 
graph is also shown in which a mark-length dependence 
of CNR is obtained by carrying out measurements on a 
magneto-optical disk (referred to as comparative sam- 
ple #r3) having no flux adjustment layer 4 in the above- 
mentioned construction (c62). In this case, since no flux 
adjustment layer 4 exists, the reproducing power of 
comparative sample #r3 was set at 2.6 mW, which was 
lower than the reproducing power of sample #3. 
[0207] In Fig. 18, comparison made between sample 
#3 (c6l) and comparative sample #r3 (c62) shows that 
the CNR of sample #3 is higher than the CNR of com- 
parative sample #r3. In particular, in the case of a short 
mark-length (300 nm) the CNR of sample #3 is approx- 
imately three times higher than the CNR of sample #r3. 
The reason for this is explained as follows: In sample 
#3, since the total magnetization abruptly increases as 
the temperature rises, and since the leakage magnetic 
flux 70 simultaneously increases abruptly as the tem- 
perature rises, a desired in-plane magnetization mask 
is formed on the reproducing layer 1 . In contrast, in com- 
parative sample #r3, since a leakage magnetic flux is 
released only from the recording layer 3 having an RE- 
rich composition because of non-existence of the flux 
adjustment layer 4, a great leakage magnetic flux is ex- 
erted even at room temperature, and the leakage mag- 
netic flux is not allowed to increase even as the temper- 
ature rises, thereby failing to provide a desired in-plane 
magnetization mask on the reproducing layer 1., ^ 
[0208] When sample #3 (c61 ) and comparative sam- 
ple #r3 (c62) in Fig. 18 are respectively compared with 
sample #1 (c3l) and comparative sample #r1 (c32) 
shown in Fig. 9, it is found that the CNR of sample #3 is 
higher approximately by 3dB at a short mark length (300 
nm) which is required for high-density recording and re- 
producing operations. This shows that sample #3 is 
more advantageous than sample #1 in carrying out high- 
density recording and reproducing operations. Addition- 
ally, in the short mark length (300 nm), the CNR of com- 
parative sample #r3 is lower than that of comparative 
sample #r1 ; this is because, since the recording layer 3 
having an RErich composition is used in comparative 
sample #r3, a desired in -plane magnetization mask is 
not formed. 

[0209] Additionally, at a long mark length (600 nm), 
the CNRs of sample #3 and comparative sample #r3 be- 
come lower by approximately. 3 dB to 5dB. This is be- 
cause the Curie temperature Tc1 of the reproducing lay- 
er 1 is lowered, and because the -application of double 
masks for reproducing narrows the aperture region; with 
the result that the reproducing signal becomes smaller 
and the CNR is lowered. 

[0210] As described above, the magneto-optical re- 
cording medium of the present embodiment is constitut- 
ed by: a recording layer 3 made of a perpendicular mag- 
netization film; a reproducing layer 1 made of a magnetic 
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film which exhibits in -plane magnetization at room tem- 
perature, and comes to exhibit perpendicular magneti- 
zation from the critical temperature Tp1 to the Curie tem- 
perature in such a manner that a portion having a per- 
pendicular magnetization state (the second tempera- 
ture area 32) is magnetically coupled to the recording 
layer 3 so as to copy the magnetization of a recording 
magnetic domain 71 b while a portion having an in-plane 
magnetization state (the first temperature area 31 ) and 
a portion having a temperature rise not less than the Cu- 
rie temperature Tc1 (the third temperature area 33) are 
not allowed to copy any recording magnetic domain in 
the recording layer; and a flux adjustment layer 4 made 
ol a perpendicular magnetization film which is stacked 
adjacent to the recording layer 3, has a magnetic polarity 
different from that of the recording layer 3, and also has 
a Curie temperature Tc4 lower than the Curie tempera- 
ture Tc3 of the recording layer 3. 
[0211] In this manner, upon application of heat to the 
magrielo-optical recording medium, the three tempera- 
ture areas (the first temperature area 31, the second 
temperature area 32, the third temperature area 33) are 
formed so that the recording magnetic domain 71b is 
copied to the magnetic domain 71b' of the reproducing 
layer 1 while the recording magnetic domains 71a and 
71c adjacent to the recording magnetic domain 71b to 
be reproduced are being masked. In other words, in the 
first temperature area 31 , the reproducing layer 1 , which 
is in an in-plane magnetization state, is not allowed to 
copy the recording layer 3 that is in a perpendicular mag- 
netization state. Therefore, the first temperature area 31 
serves as a front mask for masking the recording mag- 
netic domain 71 a. Moreover, in the third temperature ar- 
ea 33, the reproducing layer 1 , which has a temperature 
rise not less than the Curie temperature Tel, is not al- 
lowed to copy the magnetization of the recording layer 
3. Therefore, the third temperature area 33 serves as a 
rear mask for masking the recording magnetic domain 
71c. - 

[0212] With this arrangement, it is possible to greatly 
narrow the area that is allowed to copy the magnetiza- 
tion of the recording layer 3 and that is located within 
the beam spot 7. 

[0213] Therefore, even if the recording-bit diameter 
and the recording-bit intervals of the recording layer 3 
are very small, a recording bit to be reproduced is re- 
produced in a separated manner from recording bits ad- 
jacent to this recording bit, thereby making it possible to 
carry out a magnetic super- re solution reproducing proc- 
ess with a higher reproducing resolution even in the 
case of the application of a shorter mark length. 
[021 4] Moreover,* the magneto-optical recording me- 
dium of the present embodiment has either a construc- 
tion in which, on the substrate 13, the transparent die- 
lectric protective layer 1 4, the reproducing layer 1 , the 
non -magnetic intermediate layer 2, the recording layer 
3, the flux adjustment layer 4, and the protective layer 
15 are stacked in this order, or a construction in which. 



on the substrate 1 3, the transparent dielectric protective 
layer 14, the reproducing layer 1, the non-magnetic in- 
termediate layer 2, the flux adjustment layer 4, the re- 
cording layer 3 and the protective layer 15 are stacked 

5 in this order. 

[0215] With the above-mentioned constructions, 
since the reproducing layer 1 is installed on the light- 
incidence side of the light beam 5, it is possible to obtain 
a magnetic super-resolution reproducing operation with 

10 the above-mentioned high reproducing resolution, and 
since the non-magnetic intermediate layer 2 completely 
intercept an exchange coupling exerted between the re- 
producing layer 1 and the recording layer 3 plus the flux 
adjustment layer 4, it is possible to realize a superior 

is magnetostatic coupling between the reproducing layer 
1 and the recording layer 3 plus the flux adjustment layer 
4. 

[Embodiment 4] 

20 

[0216] Referring to Figs. 19 through 22, the following 
description will discuss still another embodiment of the 
present invention. Here, for convenience of description, 
those members having the same constructions as those 
25 explained in Embodiments 1 through 3 are indicated by 
the same reference numerals, and the description there- 
of is omitted. 

[0217] As illustrated in Fig. 20, the magneto-optical 
recording medium of the present embodiment has a 

so construction in which an in-plane magnetization layer 9 
having a Curie temperature Tc9 in the vicinity of the crit- 
ical temperature Tp1 of the reproducing layer 1 at which 
it comes to exhibit perpendicular magnetization from in- 
plane magnetization is stacked in contact with the re- 

35 producing layer 1 of the magneto-optical recording me- 
dium (see Fig. 15) of Embodiment 3. Here, with respect 
to arrows shown in Fig. 20, each of the thin arrows indi- 
cates the direction of a magnetic moment of a transition 
metal (TM), eacn of tne ^' iCk arrows indicates the size 

40 and direction of a total moment, and each of void arrows 
indicates the size and direction of a leakage magnetic 
flux. 

[0218] As illustrated in Fig. 19, in the above-men- 
tioned magneto-optical recording medium, a light beam 

45 s js beam-condensed and directed onto the reproducing 
layer 1 so as to carry out recording and reproducing op- 
erations. In this case, recording magnetic domains 71 
are recorded along a guide groove 6, which shows a 
reproducing state. 

so [0219] When the above magneto-optical recording 
medium is irradiated with the light beam 5, three tem- 
perature areas are formed in the same manner as Em- 
bodiment 3 (see Fig. 14). These temperature areas in- 
clude a first temperature area 41 that does not have a 

55 temperature rise exceeding the critical temperature Tp1 
of the reproducing layer 1 , a second temperature area 
42 that has a temperature not less than the critical ternr 
perature Tp1 of the reproducing layer 1 and not more 
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than the Curie temperature Tc1 of the reproducing layer 
1 , and a third temperature area 43 that has a tempera- 
ture rise not less than the Curie temperature Tel of the 
reproducing layer 1 . 

[0220] In the first temperature area 41 , since the re- 
producing layer 1 exhibits in-plane magnetization, the 
magnetizations of the recording magnetic domains 71 
and 71 a of the recording layer 3 are masked and are not 
copied to the reproducing layer 1. In the third tempera- 
ture area 43 also, since the reproducing layer 1 has a 
temperature rise not less than the Curie temperature 
Tel , the magnetization of the recording magnetic do- 
main 71c of the recording layer 3 is masked, and is not 
copied to the reproducing layer 1. Therefore, double 
masks are formed by the first temperature area 41 and 
the third temperature area 43 which respectively mask 
recording magnetic domains 71a and 71 c adjacent to 
the recording magnetic domain 71 b to be reproduced. 
Consequently, among the three temperature areas 
formed in the above-mentioned magneto-optical record- 
ing medium, only the second temperature area 42 is al- 
lowed to copy the magnetization of the recording layer 
3. In other words, the recording magnetic domains 71b 
and 71 d of the recording layer 3 are copied to the repro- 
ducing layer 1 as magnetic domains 71b* and 71 d'. 
Here, of the magnetic domains 71b' and 71 d' that are 
copied in an area within the second temperature area 
42 in the reproducing layer 1 , only the magnetic domain 
71b' that is located within the range of a light beam spot 
7 is reproduced, and the magnetic domain 71 d* that is 
not adjacent to the magnetic domain 71b' does not con- 
tribute to the reproducing operation. 
[0221] Referring to Fig. 21 , an explanation will be giv- 
en of the construction of the magneto-optical recording 
medium in accordance with the present embodiment. 
Here, the explanation exemplifies a case in which the 
magneto-optical recording medium is applied to a mag- 
neto-optical disk. 

[0222] The magneto-optical recording medium of the 
present embodiment is constituted by a transparent di- 
electric protective layer 1 4, a reproducing layer 1 , an in- 
plane magnetization layer 9, a non-magnetic intermedi- 
ate layer 2, a recording layer 3 : a flux adjustment layer 
4 and a protective layer 1 5 lhat are successively stacked 
on a substrate 1 3. 

[0223] Here, with respect to the above-mentioned 
substrate 13, the transparent dielectric protective layer 
14, the reproducing layer 1, the non-magnetic interme- 
diate layer 2, the recording layer 3, the flux adjustment 
layer 4 and the protective layer 15, the same materials 
as described in Embodiment 3 may be used in the same 
manner. Moreover, as explained in Embodiment 3, the 
order of iayer formation of the recording layer 3 and the 
flux adjustment layer 4 may be reversed to that of Fig. 
21. 

[0224] With respect to its magnetic property, the in- 
plane magnetization layer 9 needs to always exhibit in- 
plane magnetization from room temperature to its Curie 



temperature Tc9. Further, the Curie temperature Tc9 of 
the in -plane magnetization layer 9 is preferably set in 
the range of not less than 60°C to not more than 150°C, 
and the Curie temperature Tc9 of the in-plane magnet- 

5 ization layer 9 is also preferably set at virtually the same 
temperature as the critical temperature Tp1 at which the 
reproducing layer 1 changes to exhibit perpendicular 
magnetization from in-plane magnetization. 
[0225] With this construction, the application of the 

10 flux adjustment layer 4 allows the leakage magnetic flux 
70 released from the recording layer 3 and the flux ad- 
justment layer 4 upon temperature rise to have a more 
abrupt increase, and the application of the in-plane mag- 
netization layer 9 allows the transition from in-plane 

is magnetization to perpendicular magnetization of the re- 
cording layer 1 at the time of a temperature rise to take 
place more abruptly. Therefore, it is possible to further 
improve the reproducing resolution of the magneto-op- 
tical disk. 

20 [0226] Next, explanations will be given of specific ex- 
amples of the formation method and the recording and 
reproducing characteristics of the magneto-optical disk 
(Fig. 21) having the above-mentioned construction. 



[0227] The formation method of the magneto-optical 
disk is explained as follows: 

[0228] First, in the^same manner as Embodiment 3, a 
30 transparent dielectric protective layer 14 made of AIN 
having a film-thickness of 80 nm, a reproducing.layer 1 
made of (Gdo.3oFe 0 . 70 )o.9 3 Al 0 .o7 having a film-thickness 
of 40 nm are formed on a substrate 1 3. After formation 
of the reproducing layer 1 , electric power is successively 
35 supplied to a GdFeAl target under a gas pressure of 4 
x 10 -3 Torr; thus, an in-plane magnetization layer 9 
made of (Gdo Fe 0 . 8 9)o.7s Al o^5 having a film-thickness 
of 20 nm is formed. Here, the in-plane magnetization 
layer 9 thus formed is an in-plane magnetization film 
40 which has a Curie temperature Tc9 at 1 20 e C and exhib- 
its magnetization in a direction in parallel with the film 
plane from room temperature to the Curie temperature 
Tc9. 

[0229] Thereafter, in the same manner as Embodi- 
es ment 3, on the above-mentioned in-plane magnetization 
layer 9 are successively formed a non-magnetic inter- 
mediate layer 2 made of AIN having a film-thickness of 
3 nm, a recording layer 3 made of Tb 058 
(Fe 0 86 Co 0 14 ) 0 _72 having a film-thickness of 30 nm, a 
so flux adjustment layer 4 made of Tb 0 23 Fe 077 having a . 
film-thickness of 60 nm and a protective layer 15 made 
of AIN having a film-thickness of 20nm. 

(2) Recording and reproducing characteristics 

ss 

[0230] The recording and reproducing characteristics 
of the above-mentioned magneto-optical disk will be ex- 
plained as follows: 



2S (1 ) Formation method of the magneto-optical disk 



ss 
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[0231] Fig. 22 is a graph that shows a mark-length de- 
pendence of CNR (signal-to-noise ratio) obtained by 
carrying out measurements on the above-mentioned 
magneto-optical disk (referred to as sample #4) by using 
an optical pickup and a semiconductor laser having a 
wavelength of 680 nm (c71). Here, these measure- 
ments were carried out by adjusting the line speed to 5 
m/s and the reproducing power to 3.2 mW. Moreover, 
the mark-length dependence of CNR shown here rep- 
resents a signal-to-noise ratio of a reproducing signal 
obtained when recording magnetic domains, each hav- 
ing a length corresponding to a mark length, are suc- 
cessively formed with a pitch twice as long as the mark- 
length by using a magnetic -fie Id modulation system. 
[0232] Moreover, for comparative purposes, another 
graph is also shown in which a mark-length dependence 
of CNR is obtained by carrying out measurements on a 
magneto-optical disk (referred to as comparative sam- 
ple #r4) having no flux adjustment layer 4 in the above- 
mentioned construction (c72). In this case, since no flux 
adjustment layer 4 exists, the reproducing power of 
comparative sample #r4 was set at 2.8 mW, which was 
lower than the reproducing power of sample #4. 
[0233] When sample #4 (c7 1 ) shown in Fig. 22 is com- 
pared with sample #3 (c61) shown in Fig. 18, it is con- 
firmed that the CNR of sample #4 is higher than the CNR 
of sample #3 by 2dB in all the range of mark-lengths. 
This is because the installation of the in-plane magnet- 
ization film 9 has strengthened the in-plane magnetiza- 
tion mask (front mask) in the reproducing layer 1 and 
consequently, the reproducing resolution has improved. 
[0234] Moreover, in Fig. 22, comparison made be- 
tween sample #4 (c71) and comparative sample #r4 
(c72) indicates that the CNR of sample #4 is higher than 
the CNR of comparative sample #r4 in a range having 
short mark-lengths not more than a mark length of 550 
nm. This showsthat, in the same manner as Embodi- 
ment 3, in sample #4, since the flux adjustment layer 4 
is installed, the total magnetization abruptly increases 
as the temperature rises, thereby allowing a leakage 
magnetic flux 70 : released from the recording layer 3 
and the flux adjustment layer 4, to increase more abrupt- 
ly as the temperature rises; a desired in-plane magnet- 
ization mask is formed in the reproducing layer 1 In con- 
tract, in comparative sample #r4, since a leakage mag- 
netic flux is released only from the recording layer 3 hav- 
ing an RE rich composition because of non-existence of 
the flux adjustment layer 4, a great leakage magnetic 
flux is exerted even at room temperature, and the leak- 
age magnetic flux is not allowed to increase even as the 
temperature rises, thereby failing to provide a desired 
in -plane magnetization mask on the reproducing layer 1 . 
[0235] Additionally, at a long mark length (600 nm), 
the CNRs of sample #4 and comparative sample #r4 are 
virtually the same, which ensures that both of the sam- 
ples provide sufficient reproducing signal quality in long 
mark lengths. 

[0236] As described above, in the magneto-optical re- 



cording medium of the present embodiment, since the 
flux adjustment layer 4 is formed adjacent to the record- 
ing layer 3 in the same manner as Embodiment 1 , a leak- 
age magnetic flux 70, released from the recording layer 

s 3and the flux adjustment layer 4, is made to rapidly grow 
with a temperature rise. Consequently, the greater leak- 
age magnetic flux 70 is generated from the recording 
layer 3 and the flux adjustment layer 4 only at areas hav- 
ing a temperature rise by irradiation with a light beam 5. 

io [0237] Moreover, in the magneto-optical recording 
medium of the present embodiment, since the in-plane 
magnetization layer 9 is formed between the reproduc- 
ing layer 1 and the recording layer 3 in the same manner 
as Embodiment 2, it is possible to strengthen the in- 

75 plane magnetization mask in the reproducing layer 1. 
This allows the reproducing layer 1 to have a transition 
from in-plane magnetization to perpendicular magneti- 
zation more abruptly with a temperature rise. 
[0238] Furthermore, in the magneto-optical recording 

20 medium of the present embodiment, since, upon appli- 
cation of heat by the light beam 5, the three temperature 
areas (the first temperature area 31 , the second tem- 
perature area 32, the third temperature area 33) are 
lormed in the same manner as Embodiment 3; there- 

25 fore, the recording magnetic domain 71 b is copied to the 
magnetic domain 71b' of the reproducing layer 1 while 
the recording magnetic domains 71a and 71c adjacent 
to the recording magnetic domain 71 b to be reproduced 
are being masked. Consequently, it is possible to greatly 

30 narrow the area that' is allowed to copy the magnetiza- 
tion of the recording layer 3 and that is located within 
the beam spot 7. 

[0239] Therefore, in the magneto-optical recording 
medium of the present embodiment, since only the mag- 

35 netization of the recording magnetic domain 71 b is cop- 
ied from the recording layer 3 to the reproducing layer 
1 , it is possible to reproduce only the copied magnetic 
domain 71b' stably. In other words, even if the recording- 
bit diameter and the recording : brt intervals of the record- 

40 ing layer 3 are very small, the reproducing layer 1 repro- 
duces a recording bit to be reproduced in a separated 
manner from recording bits adjacent to this recording 
bit, thereby making it possible to carry out a magnetic 
super-resolution reproducing process with a higher re- 

45 producing resolution even in the case of the application 
of a shorter mark length. 

[0240] Moreover, the magneto-optical recording me- 
dium of the present embodiment has either a construc- 
tion in which a transparent dielectric protective layer 14, 

50 a reproducing layer 1 , an in-plane magnetization' layer 
9, a non-magnetic intermediate layer 2, a recording lay- 
er 3, a flux adjustment layer 4 and a protective layer 15 
are successively stacked on a substrate 1 3, or a con- 
struction in which a transparent dielectric protective lay- 

55 er 14, a reproducing layer 1 , an in-plane magnetization 
layer 9, a non-magnetic intermediate layer 2, a flux ad- 
justment layer 4, a recording layer 3 and a protective 
layer 15 are successively stacked on a substrate 13. 
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[0241] With the above-mentioned constructions, 
since the reproducing layer 1 is installed on the light- 
incidence side of the light beam 5 and since the in-plane 
magnetization mask of the reproducing layer 1 is 
strengthened by the in -plane magnetization layer 9, it is 
possible to obtain a magnetic super- re solution repro- 
ducing operation with the above-mentioned high repro- 
ducing resolution, and since the non-magnetic interme- 
diate layer 2 completely intercept an exchange coupling 
exerted between the reproducing layer 1 plus the in- 
plane magnetization layer 9 and the recording layer 3 
plus the flux adjustment layer 4, it is possible to realize 
a superior magnetostatic coupling between the repro- 
ducing layer 1 plus the in-plane magnetization layer 9 
and the recording layer 3 plus the flux adjustment layer 
4. 

[0242] Additionally, in the above-mentioned Embodi- 
ment 3 and Embodiment 4, the explanations exemplified 
cases in which GdFeAl is used as the reproducing layer 
1 , GdFeAl is used as the in-plane magnetization layer 
9, TbFeCo is used as the recording layer 3, and TbFe 
is used as the flux adjustment layer 4; however, the 
present invention is not intended to be limited by these 
materials, and any material may be used as long as it 
satisfies the required magnetic properties. 
[0243] With respect to the recording layer 3, besides 
TbFeCo, rare-earth transition metal alloy thin films 
made of materials such as DyFeCo, TbDyFeCo, GdDy- 
FeCo, GdTbFeCo and GdTbDyFeCo may be adopted. 
[0244] With respect to the flux adjustment layer 4, be- 
sides TbFe, rare-earth transition metal alloy thin films 
made of materials such as DyFe, TbFeCo, DyFeCo, Tb- 
DyFeCo, GbDyFeCo, GdTbFeCo and GdTbDyFeCo 
may be adopted. 

[0245] Moreover, in Embodiment 3 and Embodiment 
4, explanations were given of cases in which the record- 
ing layer 3 having an RE rich composition and the flux 
adjustment layer 4 having a TMrich composition are 
used; however, in the same manner as Embodiment 1 
and Embodiment 2, the recording layer 3 having a TM- 
rich composition and the flux adjustment layer 4 having" 
an RE rich composition may be used with the same ef- 
fect of improvement in the reproduction resolution. 
[0246] With respect to the reproducing layer 1, any 
material is adopted as long as it exhibits in -plane mag- 
netization at room temperature and comes to exhibit 
perpendicular magnetization as the temperature rises. 
With respect to the in-plane magnetization layer 9, any 
material is adopted as long as it has a Curie temperature 
Tc9 in the vicinity of a temperature at which the repro- 
ducing layer 1 comes to exhibit perpendicular magneti- 
zation. Therefore, with respect to the reproducing layer 
1 and the in-plane magnetization layer 9, besides Gd- 
FeAl, in-plane magnetization films made of the following 
materials may be adopted: GdFe and GdFeD, or GdFe- 
CoD (where D is made of at least one element selected 
from the group consisting of Y, Ti, V, Cr, Pd, Cu and Si 
or two or more elements of these), and GdHRFe, or Gd- 



HRFeCo, or GdHRFeCoD (where HR is a heavy rare 
earth metal that is made of at least one element selected 
from the group consisting of Tb, Dy, Ho and Er, or two 
or more elements of these, and D is made of at least 

5 one element selected from the group consisting of Y, Ti, 
V, Cr, Pd, Cu, Al and Si or two or more elements of 
these), and GdLRfe, or GdLRFeCo, or GdLRFeCoD 
(where LR is a light rare earth metal made of at least 
one element selected from the group consisting of Ce, 

10 pr, Nd and Sm, or two or more elements of these, and 
D is made of at least one element selected from the 
group consisting of Y, 71, V, Cr, Pd, Cu, Al and Si, or two 
or more elements of these). 

[0247] Moreover, in the above-mentioned Embodi- 
15 ments 3 and 4, a recording assist layer, which is made 
of, for example, GdFeCo, and has a higher Curie tem- 
perature and a smaller coercive force than the recording 
layer 3, may be formed in contact with the recording lay- 
er 3 ; in order to achieve a low magnetic field recording 
operation. 

[Embodiment 5] 

[0248] Referring to Figs. 23 through 26, the following 
description will discuss still another embodiment of the 
present invention. Here, for convenience of description, 
those members having the same constructions as those 
explained in Embodiments 1 through 4 are indicated by 
the same reference numerals, and the description there- 
of is omitted. 

[0249] As illustrated in Fig. 24, in a magneto-optical 
recording medium of the present embodiment, a repro- 
ducing layer 1, a reproducing assist layer 10, a non- 
magnetic intermediate layer 2, a recording layer 3 and 
a flux adjustment layer 4 are successively stacked on a 
substrate. More specifically, the above-mentioned mag- 
neto-optical recording medium is designed so that, in 
the magneto-optical recording medium of Embodiment 
3 (Fig. 15), the reproducing assist layer 10, which ex- 
hibits in-plane magnetization at room temperature, 
comes to exhibit perpendicular magnetization as the 
temperature rises, and has a Curie temperature Tc10 
higher than that of the reproducing layer 1, is formed 
between the reproducing layer 1 and the non-magnetic 
intermediate layer 2. Here, with respect to arrows shown 
in Fig. 24, each of the thin arrows indicates the direction 
of a magnetic moment of a transition metal (TM),. each 
of the thick arrows indicates the size and direction of a 
total moment, and each of void arrows indicates the size 
and direction of a leakage magnetic flux. 
[0250] As illustrated in Fig. 23, in the above-men- 
tioned magneto-optical recording medium, a light beam 
5 is beam-condensed and directed onto the reproducing 
layer 1 so. as to carry out recording and reproducing op- 
erations. In this case, recording magnetic domains 71 
are recorded along a guide groove 6, which shows a 
reproducing state. 

[0251] When the above magneto-optical recording 
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medium is irradiated with the light beam 5, three tem- 
perature areas are formed in the same manner as Em- 
bodiment 3(Fig. 14). These temperature areas include 
a first temperature area 51 that does not have a temper- 
ature rise exceeding the critical temperature Tp1 of the 5 
reproducing layer 1 , a second temperature area 52 that 
has a temperature not less than the critical temperature 
Tp1 of the reproducing layer 1 and not more than the 
Curie temperature Tel of the reproducing layer 1 , and 
a third temperature area 53 that has a temperature rise to 
not less than the Curie temperature Tc1 of the reproduc- 
ing layer 1 . 

[0252] In the first temperature area 51 „ since the re- 
producing layer 1 exhibits in-plane magnetization, the 
magnetizations of recording magnetic domains 71 and *5 
71a are masked, and are not copied to the reproducing 
layer 1 . Moreover, in the third temperature area 53 also, 
since the reproducing layer 1 has a temperature rise not 
less than the Curie temperature Td. the magnetization 
of a recording magnetic domain 71 c of the recording lay- 20 
er 3 is masked, and is not copied to the reproducing lay- 
er 1 . Therefore, double masks are formed by the first 
temperature area 51 and the third temperature area 53 
which respectively mask recording magnetic domains 
71a and 71c adjacent to the recording magnetic domain 2S 
71b to be reproduced. Consequently, among the three 
temperature areas formed in the above-mentioned 
magneto-optical recording medium, only the tempera- 
ture area 52 is allowed to copy the magnetization of the 
recording layer 3. In other words, the magnetizations of 30 
the recording magnetic domains 71 b and 71 d of the re- 
cording layer 3 are copied to the reproducing layer 1 as 
magnetic domains 71 b' and 71 d\ Here, of the magnetic 
domains 71b' and 7 Id' that are copied in an area within 
the second temperature area 52 in the reproducing layer 35 
1, only the magnetic domain 71b' that is located within 
the range of a light beam spot 7 is reproduced, and the 
magnetic domain 71d' that is not adjacent to the mag- 
netic domain 71 b' does not contribute to the reproducing 
operation. 40 
[0253] Thus, it is possible to greatly narrow the area 
which copies the magnetization of the recording layer 3, 
and is located within the spot of the light beam 5 that 
has been projected. In particular, the reproducing assist 
layer 1 0 is formed in such a manner that a comparatively 45 
large magnetization from the reproducing assist layer 
10 and a leakage magnetic flux released from the re- 
cording layer 3 and the flux adjustment layer 4 are mag- 
net ostatically coupled in a stable manner; therefore, on- 
ly the recording magnetic domain 71 b to be reproduced so 
is copied to the reproducing layer 1. 
[0254] Therefore, even if the recording-bit diameter 
and the recording-bit intervals of the recording layer 3 
are very small, a recording bit to be reproduced is re- 
produced in a separated manner from recording bits ad- ss 
jacent to this recording bit, thereby making it possible to 
carry out a magnetic super-resolution reproducing proc- 
ess with a higher reproducing resolution even in the 



case of the application of a shorter mark length. 
[0255] Moreover, when an attempt is made to improve 
the reproducing resolution in a system with a short mark- 
length by utilizing the double masks, an aperture is 
formed in a temperature area in the vicinity of the Curie 
temperature Tc1 of the reproducing layer 1; therefore, 
the magnetization of the reproducing layer 1 that is to 
be magnetostatically coupled to the leakage magnetic 
flux released from the reproducing layer 3 and the flux 
adjustment layer 4 becomes extremely small, thereby 
failing to form a stable magnetostatically coupled state. 
In particular, when a recording operation has been car- 
ried out by using a long mark-length, the adverse effect 
becomes more noticeable, and a stable reproducing op- 
eration sometimes is not available in the case of a long 
mark-length. However, in the magneto-optical recording 
medium of the present invention, the formation of the 
reproducing assist layer 10 makes it . possible to carry 
out a stable reproducing operation even in the case of 
a long mark-length. 

[0256] Referring to Fig. 25, an explanation will be giv- 
en of the construction of the magneto-optical recording 
medium in accordance with the present embodiment. 
Here, the explanation exemplifies a case in which the 
magnelo-optical recording medium is applied to a mag- 
neto-optical disk. 

[0257] The magneto-optical recording medium of the 
present embodiment/is constituted by a transparent di- 
electric protective layer 14, a reproducing layer 1, a re- 
producing assist layer 1 0, a non-magnetic intermediate 
layer 2, a recording layer 3, a flux adjustment layer 4 
and a protective layer 1 5 that are successively stacked 
on a substrate 1 3. 

[0258] Here, with respect to the above-mentioned 
substrate 1 3, the transparent dielectric protective layer 
14, the reproducing layer 1, the non-magnetic interme- 
diate layer 2, the recording layer 3 : the flux adjustment 
Iayer 4 and the protective layer 15, the same materials, 
as described in Embodiment 3 may be used in the same 
manner. Moreover, as explained in Embodiment 1 , the 
order of layer formation of the recording layer 3 and the 
flux adjustment layer 4 may be reversed to that of Fig. 
25. 

[0259] The reproducing assist layer 1 0 is stacked be- 
tween the reproducing layer 1 and the non-magnetic in- 
termediate layer 2 so as to improve the reproducing 
characteristic. Therefore, the reproducing assist layer 
10 needs to exhibit in-plane magnetization at room tem- 
perature and come to exhibit perpendicular magnetiza- 
tion as the temperature rises, and- upon reproduction, 
prevents the reproducing layer 1 from forming an area 
having a temperature rise not less than the Curie tem- 
perature TdO within the beam spot 7 to which the light 
beam 5 is directed. More specifically, an alloy thin film, 
which has a rare-earth transition metal alloy as its main 
component, exhibits in-plane magnetization at room 
temperature, comes to exhibit perpendicular magneti- 
zation as the temperature rises, and has a Curie tem- 
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perature TclO higher than that of the reproducing layer 
1 , may be adopted: 

[0260] Moreover, the reproducing assist layer 10 is 
preferably set to have a film thickness in the range of 20 
nm to 80 nm. In the case of the film thickness of the 
reproducing assist layer 10 below 20 nm, it is difficult to 
maintain a preferable magnetostatically coupled state 
between it and the recording layer 3. Further, the film 
thickness of the reproducing assist layer 10 exceeding 
80 nm causes degradation in the recording sensitivity 
due to an increase in the film thickness. 
[0261] Furthermore, the transition temperature TplO 
at which the reproducing assist layer 1 0 has a transition 
from in-ptane magnetization to perpendicular magneti- 
zation is preferably set in the range of not less than 60°C 
tonoi more than 200° C In the case of the transition tem- 
perature TplO of the reproducing assist layer 10 lower 
than 50 e C since the reproducing assist layer! 0 comes 
to exhibit perpendicular magnetization at a compara- 
tively low temperature the liont mask in the reproducing 
layei 1 becomes weakut Ihoicby failing to provide a 
preferable reproducing resoljtton. In the case of the 
transition temperature TplO of the reproducing assist 
layer 10 exceeding 200°C. since the reproducing assist 
layer 10 needs to have a temperature rise higher than 
200° C, it is necess'ary to provide an extremely great re- 
producing power: this causes degradation in the service 
life of the laser light source. 

[0262] In this case, it is preferably to make the transi- 
tion temperature Tpl of the reproducing layer 1 and the 
transition temperature Tp10 of the reproducing assist 
layer 10 coincident with each other. By making the tran- 
sition temperatures Tp1 and TplO of the reproducing 
layer 1 and the reproducing assist layer 10 coincident 
with each other, a transition from iri-plane magnetization 
to perpendicular magnetization occurs in the reproduc- 
ing layer 1 and the reproducing assist layer 10 at the 
same temperature, thereby making it possible to form a 
preferably in -plane magnetization mask in the reproduc- 
ing layer 1 . 

[0263] In addition, it is necessary to set the Curie tem- 
perature Tc10 of the reproducing assist layer 10 at a 
temperature that is at least higher than the Curie tem- 
perature Tc1 of the reproducing layer 1 ..More specifical- 
ly, in order to maintain a preferably magnetostatically 
coupled state between it and the reproducing layer 3, 
the reproducing assist layer 10 is preferably set so as 
to have its Curie temperature Tc10 at not less than 
20O o C. 

[0264] Next, explanations will be given of specific ex- 
amples of the formation method and the recording and 
reproducing characteristics of the magneto-optical disk 
(Fig. 25) having the above-mentioned construction. 

(1) Formation method of the magneto-optical disk 

[0265] The formation method of the magneto-optical 
disk is explained as follows: 



[0266] First, in the same manner as Embodiment 3, a 
transparent dielectric protective layer 14 made of AIN 
having a film-thickness of SO nm is formed on a sub- 
strate 13. 

5 [0267] Second, after the sputter equipment has been 
evacuated again to 1 x 10" 6 Torr, argon gas is intro- 
duced and electric power is supplied to the GdFeAl alloy 
target under a gas pressure of 4 X 1 0 -3 Torr; thus, a 
reproducing layer 1 made of (Gdo^oFeo 70 ) 0 93 AI 0 07 is 

to formed on the transparent dielectric protective layer 14, 
with a film-thickness of 40 nm. Here, the reproducing 
layer 1 thus formed exhibits in -plane magnetization at 
room temperature and comes to exhibit perpendicular _ 
magnelization at 120°C, and its Curie temperature Tc1 

75 is200°C. 

[0268] Third, electric power is supplied to a GdFeCo 
alloy target under a gas pressure of 4 x 10 3 Torr; thus, 
a reproducing assist layer 10 made of Gd 031 
( Fe o.75 Co o.2s)o.69 is formed on tne reproducing layer 1 

20 with a film thickness of 25 nm. Here, the reproducing 
assist layer 10 thus formed exhibits in-plane magneti- 
zation at room temperature, comes to exhibit perpen- 
dicular magnetization state at 120°C, and has its Curie 
temperature Tc10 at 340°C. 

25 [0269] Fourth, a mixed gas is introduced and electric 
power is supplied to the Al target under a gas pressure 
of 4 x 10 -3 Torr; thus, a non-magnetic intermediate layer 
2 made of AIN is formed on the reproducing assist layer 
10, with a film thickness of 3 nm. 

30 [0270] Fifth, after the sputter equipment has been 
evacuated to 1 x 10 -6 Torr. argon gas is introduced and 
electric power is supplied to the TbFeCo alloy target un- 
der a gas pressure of 4 x 10 -3 Torr; thus, a recording 
layer 3 made of Tb 0 2 8(Feo.86 Co o.i 4)0.72 ' s formed on the 

35 above non-magnetic intermediate layer 2, with a film- 
thickness of 30 nm. Here, the recording layer 3 thus 
formed serves as a perpendicular magnetization film of 
a RE rich composition at temperatures higher than room 
temperature, has a coercive force of 500 kA/m at room 

40 temperature, and also has its Curie temperature Tc3 at 
260°C. 

[0271] Sixth, electric power is supplied to the TbFe 
alloy target under a gas pressure of 4 x 10" 3 Torr; thus, 
a flux adjustment layer 4 made of Tb 0 ^ 3 Fe 0 77 is formed 

45 on the above-mentioned recording layer 3, with a film- 
thickness of 60 nm. Here, the flux adjustment layer 4 
thus formed serves as a perpendicular magnetization 
film of a TMrich composition at a temperature not less 
than room temperature, has a coercive force of 600 kA/ 

so m at room temperature, and also has its Curie temper- 
ature Tc4 at 140°C. 

[0272] Seventh, a mixed gas of argon and nitrogen is 
introduced and electric power is supplied to the Al target 
under a gas pressure of 4 x 1 0* 3 Torr; thus, a protective 
ss tayer 1 5 made of AIN is formed on the above-mentioned 
flux adjustment layer 4, with a film-thickness of 20 nm. 
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(2) Recording and reproducing characteristics 

[0273] The recording and reproducing characteristics 
of the above-mentioned magneto-optical disk will be ex- 
plained as follows: 

[0274] Fig. 26 is a graph that shows a mark-length de- 
pendence of CNR (signal-to-noise ratio) obtained by 
carrying out measurements on the above-mentioned 
magneto-optical disk (referred to as sample #5) by using 
an optical pickup and a semiconductor laser having a 
wavelength of 680 nm (c8l). Here, these measure- 
ments were carried out by adjusting the line speed to 5 
m/s and the reproducing power to 3.2 mW. Moreover, 
the mark-length dependence of CNR shown here rep- 
resents a signat-to-noise ratio of a reproducing signal 
obtained when recording magnetic domains, each hav- 
ing a length corresponding to a mark length, are suc- 
cessively formed with a pitch twice as long as the mark- 
length by using a magnetic-field modulation recording 
system. 

[0275] Moreover, for comparative purposes, another 
graph is also shown in which a mark-length dependence 
of CNR is obtained by carrying out measurements on a 
magneto-optical disk (referred to as comparative sam- 
ple #r5) having no flux adjustment layer 4 in the above- 
mentioned construction (c82). In this case, since no flux 
adjustment layer 4 exists, the reproducing power of 
comparative sample #r5 was set at 2.8 mW, which was 
lower than the reproducing power of sample #5. 
[0276] In Fig. 26, comparison made between sample 
#5 (c81) and comparative sample #r5 (c82) shows that" 
the CNR of sample #5 is higher than the CNR of com- 
parative sample #r5. In particular, in the case of a short 
mark-length (300 nm) the CNR of sample #5 is higher 
than the CNR of sample #r5 by riot less than 1 0dB. The 
reason for this is explained as follows: In sample #5, 
since' the total magnetization abruptly increases as the 
temperature rises, and since the leakage magnetic flux 
70 simultaneously increases abruptly as the tempera- 
ture rises, a desired in-plane magnetization mask is 
formed on the reproducing layer 1. In contrast, in com- 
parative sample #r5, since a leakage magnetic flux is 
released only from the recording layer 3 having an RE- 
rich composition because of non-existence of the flux 
adjustment layer 4, a great leakage magnetic flux is ex- 
erted even at room temperature, and the leakage mag- 
netic flux is not allowed to increase even as the temper- 
ature rises, thereby failing to provide a desired in-plane 
magnetization mask on the reproducing layer 1 . 
[0277] When sample #5 (c81 ) shown in Fig. 26 is com- 
pared with sample #3 (c61) shown in Fig. 18, there is 
no difference in the CNR at a short mark length (300 
nm) which is required for high-density recording and re- 
producing operations'. This shows that sample #5 
makes it possible to provide a high reproducing resolu- 
tion by forming' double masks in the same manner as 
sample #3. Moreover, at a long mark length (600 nm), 
the CNR of sample #5 is higher than the CNR of sample 



#3 by approximately 4dB. This is because the formation 
of the recording assist layer 1 0 allows a comparatively 
large magnetization of the reproducing assist layer 10. 
and a leakage magnetic flux released from the recording 
s layer 3 and the flux adjustment layer 4 to be magneto- 
statically coupled in a stable manner, thereby making it 
possible to carry out a reproducing operation stably 
even at a long mark length. 

[0278] Additionally, the CNR of the comparative sam- 

10 pie #r5 (c82) in the short mark length (300 nm) is low in 
the same manner as comparative sample #r3 (c62). 
This is because, since comparative sample #r5 uses the 
recording layer 3 having an RE rich composition as in 
comparative sample #r3, it fails to form a preferable in- 

15 plane magnetization mask. 

[0279] As described above, the magneto-optical re- 
cording medium of the present embodiment is provided 
with the reproducing assist layer 10 that is made of a 
magnetic film stacked between the reproducing layer 1 

20 and the recording layer 3 in contact with the reproducing 
layer 1, which exhibits in-plane magnetization at room 
temperature, has a Curie temperature Tc10 higher than 
the Curie temperature Tc1 of the reproducing layer 1 , 
. and comes to exhibit perpendicular magnetization at a 

2S temperature in the vicinity of the critical temperature Tpl 
of the reproducing layer 1 . 

[0280] In this arrangement in which the reproducing 
assist layer 10 is interpolated between the reproducing 
layer 1 and the recording layer 3 in contact with the re- 
st? producing layer 1 , since the reproducing assist layer 10 
has the Curie temperature Tc10 higher than the Curie 
temperature Tc1 of the reproducing layer 1 , it maintains 
a perpendicular magnetization state even if, upon repro- 
duction, the reproducing layer 1 is heated to the vicinity 
35 of its Curie temperature Tc1 , thereby making it possible 
to copy the magnetization that has been copied from the 
recording layer 3 onto the reproducing layer 1 . . 
[0281] Consequently, since a comparatively large 
magnetization of the reproducing assist layer 10 and a 
40 leakage magnetic flux 70 released from the recording 
layer 3 and the flux adjustment layer 4 are magn ecstat- 
ically coupled to each other firmly in a stable manner, it 
is possible to copy the recording magnetic domain 71b 
to. the magnetic domain 71 b* stably even at a short mark 
45 length as well as at a long mark length. Therefore, it be- 
comes possible to carry out a magnetic super-resolution 
reproducing operation with a great reproducing resolu- 
tion which ensures a stable reproducing operation. 
" [0282] Moreover, the magneto-optical recording me- 
so dium of the present embodiment has either a construc- 
tion in which a transparent dielectric protective layer 14, 
a reproducing layer 1, a reproducing assist layer 10, a 
non-magnetic intermediate layer 2, a recording layer 3, 
a flux adjustment layer 4 and a protective layer 15 are 
ss successively stacked on a substrate 13, or a construc- 
tion in which a transparent dielectric protective layer 14, 
a reproducing layer 1 , a reproducing assist layer 10, a 
non-magnetic intermediate layer 2, a flux adjustment 
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layer 4, a recording layer 3 and a protective layer 1 5 are 
successively stacked on a substrate 1 3. 
[0283] With the above-mentioned constructions, 
since the reproducing layer 1 is installed on the light- 
incidence side of the light beam 5, it is possible to obtain s 
a magnetic super- resolution reproducing operation with 
the above-mentioned high reproducing resolution, and 
since the non-magnetic intermediate layer 2 completely 
intercepts an exchange coupling exerted between the 
reproducing layer 1 plus the reproducing assist layer 1 0 io 
and the recording layer 3 plus the flux adjustment layer 
4, it is possible to realize a superior magnetostatic cou- 
pling between the reproducing layer 1 plus the repro- 
ducing assist layer 1 0 and the recording layer 3 plus the 
flux adjustment layer 4. 15 

[Embodiment 6] 

[0284] Referring to Figs. 27 through 30, the following 
description will discuss still another embodiment of the 2° 
present invention. Here, for convenience of description, 
those members having the same constructions as those 
explained in Embodiments 1 through 5 are indicated by 
the same reference numerals, and the description there- 
of is omitted. 25 
[0285] As illustraied in Fig. 28, the magneto-optical 
recording medium ol the present embodiment has a 
construction in which an in-plane magnetization layer 9 
having a Curie temperature Tc9 in the vicinity of the crit- 
ical temperature Tp1 of the reproducing layer 1 at which 30 
it comes to exhibit perpendicular magnetization from in- 
plane magnetization is stacked between the reproduc- 
ing assist layer 10 and the non-magnetic intermediate 
layer 2 of the magneto-optical recording medium (Fig. 
24) of Embodiment 5. Here, with respect to arrows 35 
shown in Fig. 28, each of the thin arrows indicates the 
direction of a magnetic moment of a transition metal 
(TM) : each of the thick arrows indicates the size and di- 
rection of a total moment, and each of void arrows indi- 
cates the size and direction of a leakage magnetic flux. *o 
[0286] As illustrated in Fig. 27, in the above-men- 
tioned magneto-optical recording medium, a light beam 
5 is beam -condensed and directed onto the reproducing 
layer 1 so as to carry out recording and reproducing op- 
erations. In this case, recording magnetic domains 71 45 
are recorded along a guide groove 6, which shows a 
reproducing state. 

[0287] When the above magneto-optical recording 
medium is irradiated with the light beam 5, three tem- 
perature areas are formed in the same manner as Em- so 
bodiment 5 (see Fig. 23). These temperature areas in- 
clude a first temperature area 61 that does not have a 
temperature rise exceeding the critical temperature Tp1 
of the reproducing layer 1, a second temperature area 
62 that has a temperature not less than the critical tern- ss 
perature Tpl of the reproducing layer 1. and not more 
than the Curie temperature Tc1 of the reproducing layer 
1, and a third temperature area 63 that has a tempera-- 



ture rise not less than the Curie temperature Tc1 of the 
reproducing layer 1 . 

[0288] In the first temperature area 61. since the re- 
producing layer 1 exhibits in-plane magnetization, the 
magnetizations of the recording magnetic domains 71 
and 71 a of the recording layer 3 are masked and are not 
copied to the reproducing layer 1 . In the third tempera- 
ture area 63 also, since the reproducing layer 1 has a 
temperature rise not less than the Curie temperature 
Tc1, the magnetization of the recording magnetic do- 
main 71c of the recording layer 3 is masked, . and is not 
copied to the reproducing layer 1. Therefore, double 
masks are formed by the first temperature area 61 and 
the third temperature area 63 which respectively mask 
recording magnetic domains 71 a and 71c adjacent to 
the recording magnetic domain 71b to be reproduced. 
Consequently, among the three temperature areas 
formed by the application of heat, only the temperature 
area 62 is allowed to copy the magnetization of the re- 
cording layer 3. In other words, the recording magnetic 
domains 71 b and 71 d of the recording layer 3 are copied 
to the reproducing layer 1 as magnetic domains 71 b' and 
71 d'. Here, of the magnetic domains 71 b' and 71 d' that 
are copied in an area within the second temperature ar- 
ea 62 in the reproducing layer 1 , only the magnetic do- 
main 71 b' that is located within the range of a light beam 
spot 7 is reproduced, and the magnetic domain 7 Id" that 
is not adjacent to the magnetic domain 71b" does not 
contribute to the reproducing operation. 
[0289] Referring to ; Fig. 28, an explanation will be giv- 
en of an operation in which the magnetization of a re- 
cording magnetic domain of the recording layer 3 is cop- 
ied to the reproducing layer 1 . 

[0290] In the above-mentioned magneto-optical re- 
cording medium, the magnetic polarities of the recording 
layer 3 and the flux adjustment layer 4 are different from 
each other, with the result that at room temperature, the 
magnetizations are cancelled, resulting in a weakened 
leakage magnetic flux 70'. Here, the reproducing layer 
1 , the reproducing assist layer 1 0 and the in-plane mag- 
netization layer 9 exhibit in-plane magnetization at room 
temperature. 

[0291] When, upon reproduction, heated by the irra- 
diation with the light beam 5, the above-mentioned mag- 
neto-optical recording medium forms three temperature 
areas (the first temperature area 61, the second tem- 
perature area 62 and the third temperature area 63). 
[0292] In the first temperature area 61 having a tem- 
perature not more than the critical temperature Tp1 of 
the reproducing layer 1, the magnetizations of the re- 
cording layer 3 and the flux adjustment layer 4 are can- 
celled, with the result that a weakened leakage magnet- 
ic flux 70' is released. However, since the in-plane mag- 
netization layer 9, the reproducing assist layer 10 and 
the reproducing layer 1 exhibit tn -plane magnetization, 
the magnetization of the recording magnetic domain 
71a is not copied to the reproducing layer 1 . 
[0293] In the second temperature area 62 having a 
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temperature ranging from the critical temperature Tpl 
to the Curie temperature Tc1 of the reproducing layer 1 , 
the flux adjustment layer 4 and the in-plane magnetiza- 
tion layer 9 have reached temperatures not less than 
the respective Curie temperatures Tc4 and Tc9, and 
consequently have lost their magnetizations. Therefore, 
a leakage magnetic flux generated by the magnetiza- 
tions of the recording magnetic domains 71b and 71 d of 
the recording layer 3 is copied to the reproducing assist 
layer 10 which exhibits perpendicular magnetization, 
and further copied to the reproducing layer 1, thereby 
forming magnetic domains 7 1b' and 71 d'. Then, only the 
magnetic domain 71b' is reproduced. 
[0294] In the third temperature area 63 having a tem- 
perature not less than the Curie temperature Tc1 of the 
reproducing layer 1. the flux adjustment layer 4, the in- 
plane magnetization layer 9 and the reproducing layer 
1 have reached temperatures not less than their respec- 
tive Curie temperatures Tc4. Tc9 and Tc1, and conse- 
quently have tost their magnetizations. Therefore, a 
leakage magnetic flux 70". generated by the magneti- 
zation of the recording magnetic domain 71b of the re- 
cording layer 3. is copied on the reproducing assist layer 
10 that exhibits perpendicular magnetization, but is not 
copied to the reproducing layer 1 . 

[0295] Referring k> Fig. 29, an explanation will be giv- 
en of the construction of the magneto-optical recording 
medium in accordance with the present embodiment. 
Here, the explanation exemplifies a case in which the 
magnelo-optical recording medium is applied to a mag- 
neto-optical disk. 

[0296] A magneto-optical disk, which uses the mag- 
neto-optical recording medium of the present embodi- 
ment, is constituted by a transparent dielectric protec- 
tive layer 14, a reproducing layer 1 , a reproducing assist 
layer 1 0, an in-plane magnetization layer 9, a non-mag- 
netic intermediate layer 2, a recording layer 3, a flux ad- 
justment layer 4 and a protective layer 1 5 that are suc- 
cessively stacked on a substrate 13. 
[0297] Here, with respect to the above-mentioned 
substrate 13, the transparent dielectric protective layer 
14. the reproducing layer 1, the reproducing assist layer 
1 0, the non -magnetic intermediate layer 2, the recording 
layer 3, the flux adjustment layer 4 and the protective 
layer 1 5, the same materials as described in Embodi- 
ment 5 may be used in the same manner. Moreover^as 
explained in Embodiment 3, the order of layer formation 
of the recording layer 3 and the flux adjustment layer 4 
'may be reversed to that of Fig. 29. 
[0298] With this construction, the application of the 
flux adjustment layer 4 allows the leakage magnetic flux 
70 released from the recording layer 3 and the flux ad- 
justment layer 4 upon temperature rise to have a more 
abrupt increase, and the application of the in-plane mag- 
netization layer 9 and the reproducing assist layer 10 
allows the transition from in-plane magnetization to per- 
pendicular magnetization of the recording layer 1 and 
the reproducing assist layer 10 at the time of a temper- 



ature rise to take place more abruptly. Therefore, it is 
possible to further improve the reproducing resolution 
of the magneto-optical disk. 

[0299] Next, explanations will be given of specific ex- 
5 amples of the formation method and the recording and 
reproducing characteristics of the magneto-optical disk 
(Fig. 29) having the above-mentioned construction. 

(1 ) Formation method of the magneto-optical disk 

10 

[0300] The formation method of the magneto-optical 
disk is explained as follows: 

[0301] First, in the same manner as Embodiment 5, a 
transparent dielectric protective layer 14 made of AIN 

J5 having a film -thickness of 80 nm, a reproducing layer 1 
made of (G 0^3(^0.70)0.93 A l 0 07 having a film-thickness 
of 40 nm are successively formed on a substrate 13, 
and a reproducing assist layer 10 made of Gdo 31 
(Fe 075 Co 0 .25)0.69 is formed on the reproducing layer 1 

20 with a film thickness of 25 nm. 

[0302] Second, power is supplied to another GdFeAl 
target under a gas pressure of 4 x 10* 3 Torr; thus, an 
in-plane magnetization layer 9 made of 
(Gd 0 ^ Fe 0 8g ) O 7S AI 0 2S having a film-thickness of 20 nm 

2s is formed. Here, the in-plane magnetization layer 9 thus 
formed is an in-plane magnetization film which has a Cu- 
rie temperature Tc9 at 120°C and exhibits magnetiza- 
tion in a direction in parallel with the film plane from room 
temperature to the Curie temperature Tc9. 

30 [0303] Third, in the same manner as Embodiment 5, 
on the above-mentioned in-plane magnetization layer 9 
are successively formed a non-magnetic intermediate 
layer 2 made of AIN having a film-thickness of 3 nm, a 
recording layer 3 made of Tb 0< 28(Fe 0 86 Co 0 4)0.72 nav " 

35 ing a film-thickness of 30 nm, a flux adjustment layer 4 
made of Tb 0 23Fe 0 77 having a film-thickness of 60 nm 
and a protective layer 15 made of AIN having a film- 
thickness of 20nm. 

40 (2) Recording and reproducing characteristics 

[0304] The recording and reproducing characteristics 
of the above-mentioned magneto-optical disk will be ex- 
plained as follows: 

4$ [0305] Fig. 30 is a graph that shows a mark-length de- 
pendence of CNR (signal-to-noise ratio) obtained by 
carrying out measurements on the above-mentioned 
magnelo-optical disk (referred to as sample ff6) by using 
an optical pickup and a semiconductor laser having a 

so wavelength of 680 nm (c91). Here, these measure- 
ments were carried out by adjusting the line speed to 5 
m/s and the reproducing power to 3.4 mW. Moreover, 
the mark-length dependence of CNR shown here rep- 
resents a signal-to-noise ratio of a reproducing signal 

ss obtained when recording magnetic domains, each hav- 
ing a length corresponding to a mark length, are suc- 
cessively formed with a pitch twice as long as the mark- 
length by using a magnetic-field modulation recording 
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system. 

[0306] Moreover, for comparative purposes, another 
graph is also shown in which a mark-length dependence 
of CNR is obtained by carrying out measurements on a 
magneto-optical disk (referred to as comparative sam- 5 
pie #r6) having no flux adjustment layer 4 in the above- 
mentioned construction (c92). In this case, since no flux 
adjustment layer 4 exists, the reproducing power of 
comparative sample #r6 was set at 3.0 mW, which was 
lower than the reproducing power of sample #6. io 
[0307] When sample #6 (c91 ) shown in Fig. 30 is com- 
pared with sample #5 (c81) shown in Fig. 26, it is con- 
firmed that the CNR of sample #6 is higher the CNR of 
sample #5 by 2dB in all the range of mark-lengths. This 
is because the installation of the in-plane magnetization is 
tilm 9 has strengthened the in-plane magnetization 
mask (front mask) in the reproducing layer 1 and con- 
sequently, the reproducing resolution has improved. 
[0308] Moreover, in Fig. 30, comparison made be- 
tween sample #6 (c91) and comparative sample #r6 20 
(c92) indicates that the CNRs of the two samples are 
virtually identical to each other at a mark length of 600 
nm: this shows that the same degree of reproducing sig- 
nal quality is obtained in long mark lengths. In contrast, 
at a short mark length (300 nm), the CNR of sample #6 2S 
is higher than the CNR of comparative sample #r6 by 
approximately 15 dB. This shows that in sample #6, 
since the flux adjustment layer 4 is installed, the total 
magnetization abruptly increases as the temperature 
rises, thereby allowing the leakage magnetic flux 70 to 30 
increase more abruptly as the temperature rises; thus, 
a desired in-plane magnetization mask is formed in the 
reproducing layer 1 . In contract, in comparative sample 
#r6, since a leakage magnetic flux is released only from 
the recording layer 3 having an RE rich composition be- -35 
cause of non-existence of the flux adjustment layer 4, a 
great leakage magnetic flux is exerted even at room 
temperature, and the leakage magnetic flux is not al- 
lowed to increase even as the temperature rises, there- 
by failing to provide a desired in-plane magnetization *o 
mask on the reproducing layer 1. 
[0309] As described above, in the magneto-optical re- 
cording medium of the present embodiment, since the 
flux adjustment layer 4 is formed adjacent to the record- 
ing layer 3 in the same manner as Embodiment 1 , a leak- *s 
age magnetic flux 70, released from the recording layer 
3 and the flux adjustment layer 4, is made to rapidly grow 
with a temperature rise. Consequently, the greater leak- 
age magnetic flux 70 is generated from the recording 
layer 3 and the flux adjustment layer 4 only at areas hav- so 
ing a temperature rise by irradiation with a light beam 5. 
[0310] Moreover, in the magneto-optical recording 
medium of the present embodiment, since the in-plane 
magnetization layer 9 is formed between the reproduc- 
ing layer 1 and the recording layer 3 in the same manner 55 
as Embodiment 2, it is possible to strengthen the in- 
plane magnetization mask in the reproducing layer 1. 
This allows the reproducing layer 1 to have a transition 



from in-plane magnetization to perpendicular magneti- 
zation more abruptly with a temperature rise. 
[0311] Furthermore, in the magneto-optical recording 
medium of the present embodiment, upon application of 
heat by the light beam 5, the three temperature areas 
(the first temperature area 61 , the second temperature 
area 62, the third temperature area 63) are formed in 
the same manner as Embodiment 3; thus : the recording 
magnetic domain 71 b is copied to the magnetic domain 
71b' of the reproducing layer 1 while the recording mag- 
netic domains 71a and 71c adjacent to the recording 
magnetic domain 71b to be reproduced are being 
masked. Consequently, it is possible to greatly narrow 
the area that is allowed to copy the magnetization of the 
recording layer 3 and that is located within the beam 
spot 7. 

[0312] In addition, in the magneto-optical recording 
medium of the present invention, in the same manner 
as Embodiment 5, the reproducing assist layer 10 is 
formed between the reproducing layer 1 and the record- 
ing layer 3 in contact with the reproducing layer 3; there- 
fore, since a comparatively large magnetization of the 
reproducing assist layer 10 and a leakage magnetic flux 
70 released from the recording layer 3 and the flux ad- 
justment layer 4 are magnetostatically coupled to each 
other firmly in a stable manner, it is possible to copy the 
recording magnetic domain 71 b to the magnetic domain 
71b' stably even at a short mark length as well as at a 
long mark length. Therefore, it becomes possible to car- 
ry out a magnetic super-resolution reproducing opera- 
tion with a great reproducing resolution, which, ensures 
a stable reproducing operation. 

[0313] Therefore, in the magneto-optical . recording 
medium of the present embodiment, since only the mag- 
netization of the recording magnetic domain 71b is cop- 
ied from the recording layer 3 to the reproducing layer 
1, it is possible to reproduce only the copied magnetic 
domain 7 lb' stably. In other words, even if the recording- 
bit diameter and the recording-bit intervals of the record- 
ing layer 3 are very small, the reproducing layer 1 repro- 
duces a recording bit to be reproduced in a separated 
manner from recording bits adjacent to this recording 
bit, thereby making it possible to carry out a magnetic 
super-resolution reproducing process with a higher re- 
producing resolution even in the case of the application 
of a shorter mark length. 

[0314] Moreover, the magneto-optical recording me- 
dium of the present embodiment has either a construc- 
tion in which a transparent dielectric protective layer 14, 
a reproducing layer 1 , a reproducing assist layer 1 0, an 
in -plane magnetization layer 9, a non-magnetic. interme- 
diate layer 2, a recording layer 3, a flux adjustment layer 
4 and a protective layer 1 5 are successively stacked on 
a substrate 1 3, or a construction in which a transparent 
dielectric protective layer 14, a reproducing layer 1, a 
reproducing assist layer 10, an in-plane magnetization 
layer 9, a non-magnetic intermediate layer 2, a flux ad- 
justment layer 4. a recording layer 3 and a protective 
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layer 15 are successively stacked on a substrate 13. 
[0315] With the above-mentioned constructions, 
since the reproducing layer 1 is installed on the light- 
incidence side of the light beam 5 and since the in-plane 
magnetization mask of the reproducing layer 1 is 
strengthened by the in-plane magnetization layer 9, it is 
possible to obtain a magnetic super-resolution repro- 
ducing operation with the above-mentioned high repro- 
ducing resolution, and since the non -magnetic interme- 
diate layer 2 completely intercept an exchange coupling 
exerted between the reproducing layer 1 plus the repro- 
ducing assist layer 10 plus the in-plane magnetization 
layer 9 and the recording layer 3 plus the flux adjustment 
layer 4, it is possible to realize a superior magnetostatic 
coupling between the reproducing layer 1 plus the re- 
producing assist layer 10 plus the in-plane magnetiza- 
tion layer 9 and the recording layer 3 plus the flux ad- 
justment layer 4. 

[0316] Additionally in the above-mentioned Embodi- 
ment 5 and Embodiment 6, the explanations exemplified 
cases in which GdFeAl is used as the reproducing layer 
1, GdFeCo is used as 1he reproducing assist layer 10, 
GdFeAl is used as the in-plane magnetization layer 9, 
TbFeCo is used as the recording layer 3, and TbFe is 
used as the flux adjustment layer 4; however, the 
present invention is not intended to be limited by these 
materials, and any material may be used as long as it 
satisfies the required magnetic properties. 
[0317] With respect to the recording layer 3, besides 
TbFeCo, rare-earth transition metal alloy thin films 
made of materials such as DyFeCo, TbDyFeCo, GdDy- 
FeCo, GdTbFeCo and GdTbDyFeCo may be adopted. 
[031 8] With respect to the flux adjustment layer 4. be- 
sides TbFe, rare-earth transition metal alloy thin films 
made of materials such as DyFe, TbFeCo, DyFeCo, Tb- 
DyFeCo, GdDyFeCo, GdTbFeCo and GdTbDyFeCo 
may be adopted. 

[0319] Moreover, in Embodiment 5 and Embodiment 
6, explanations were given of cases in which the record- 
ing layer 3 having an RE rich composition and the flux 
adjustment" layer 4 having a TMrich composition are 
used; however, in the same manner as Embodiment 1 
and Embodiment 2, the recording layer 3 having a TM- 
rich composition and the flux adjustment layer 4 having 
an RE rich composition may be used, with the same ef- 
fect of improvement in the reproduction resolution. 
[0320] With respect to the reproducing layer 1 , any 
material is adopted as long as it exhibits in-plane mag- 
netization at room temperature and comes to exhibit 
perpendicular magnetization as the temperature rises. 
With respect to the in-plane magnetization layer 9, any 
material is adopted as long as it has a Curie temperature 
Tc9 in the vicinity of a temperature at which the repro- 
ducing layer 1 comes to exhibit perpendicular magneti- 
zation. Therefore, with respect to the reproducing layer 
1 and the in-plane magnetization layer 9, besides Gd- 
FeAl, in -plane magnetization films made of the following 
materials may be adopted: GdFe and GdFeD, or GdFe- 



CoD (where D is made of at least one element selected 
from the group consisting of Y, Ti, V, Cr, Pd, Cu and Si 
or two or more elements of these), and GdHRFe, or Gd- 
HRFeCo. or GdHRFeCoD (where HR is a heavy rare 

s earth metal that is made of at least one element selected 
from the group consisting of Tb, Dy, Ho and Er, or two 
or more elements of these, and D is made of at least 
one element selected from the group consisting of Y, Ti, 
V, Cr, Pd, Cu, Al and Si or two or more elements of 

10 these), and GdLRfe, or GdLRFeCo. or GdLRFeCoD 
(where LR is a light rare earth metal made of at least 
one element selected from the group consisting of Ce, 
Pr, Nd and Sm, or two or more elements of these, and 
D is made of at least one element selected from the 

is group consisting of Y, Ti, V, Cr, Pd, Cu, At and Si, or two 
or more elements of these). 

[0321] Moreover, in the above-mentioned Embodi- 
ments 5 and 6, a recording assist layer, which is made 
of, for example, GdFeCo : and has a higher Curie tem- 
20 perature and a smaller coercive force than the recording 
layer 3, may be formed in contact with the recording lay- 
er 3 : in order to achieve a low magnetic field recording 
operation. 

[0322] Each of the above-mentioned embodiments of 

2S the present invention is not intended to limit the scope 
of the present invention, and various modifications may 
be made within the scope of the present invention. 
[0323] As described above, the first magneto-optical 
recording medium of the present invention is character- 

30 ized by comprising: a recording layer made of a perpen- 
dicular magnetization film; a reproducing layer made of 
a magnetic film which exhibits in-plane magnetization at 
room temperature and comes to exhibit perpendicular 
magnetization at a temperature not less than a critical 

35 temperature, said reproducing layer being designed so 
that a portion having a perpendicular magnetization 
state is magnetically coupled to the recording layer so 
as to copy a magnetization of the recording layer, while 
a portion having an in -plane magnetization state is not 

40 allowed to copy the magnetization of the recording layer; 
and a flux adjustment layer, stacked adjacent to the re- 
cording layer, which is made of a perpendicular magnet- 
ization film that has a magnetic polarity different from 
that of the recording layer and also has a Curie temper- 

45 ature lower than the Curie temperature of the recording 
layer. 

[0324] With the above-mentioned construction, leak- 
age magnetic fluxes, generated by the recording layer 
and the flux adjustment layer, are made to rapidly grow 

so with a temperature rise. In other words, since the record- 
ing layer and the flux adjustment layer, which are 
stacked adjacent to each other, have mutually different 
magnetic polarities., their magnetizations are counter- 
vailed at room temperature so that the leakage magnetic 

ss fluxes are weakened Upon reproducing a recording 
magnetic domain of the recording layer, an area includ- 
ing the recording magnetic domain related to the repro- 
ducing process is heated. At this time, since the Curie 
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temperature of the flux adjustment layer is lower than 
that of the recording layer, the magnetization of an area 
of the fiux adjustment layer corresponding to the record- 
ing magnetic domain to be reproduced is allowed to de- 
crease or disappear. As a result, a leakage magnetic 
flux, which is strengthened by a corresponding decre- 
ment of the magnetization of the flux adjustment layer, 
appears and is copied onto the reproducing layer. 
[0325] Thus, a greater leakage magnetic flux is gen- 
erated from the recording layer and the flux adjustment 
layer only at areas having a temperature rise. In other 
words, since a greater leakage magnetic flux is gener- 
ated only from the inside of a rear aperture region having 
a greater temperature rise, it is possible to form a small- 
er rear aperture region in a stable manner. 
[0326] Therefore, only the magnetization of the re- 
cording bit to be reproduced is copied from the recording 
layer to the reproducing layer so that it is possible to 
reproduce only the recording bit to be reproduced stably. 
Consequently, it becomes possible lo provide a super- 
resolution teproducing operation with a high reproduc- 
ing resolution. 

[0327] In addition to the above-mentioned construc- 
tion of the first magneto-optical recording medium, the 
second magneto-optical recording medium of the 
present invention is characterized by comprising an in- 
plane magnetization layer made of a magnetic film, 
which is stacked between the reproducing layer and the 
recording layer and which exhibits in-plane magnetiza- 
tion at room temperature, and has a Curie temperature 
in the vicinity of the critical temperature of the reproduc- 
ing layer. 

[0328] With this construction, in addition to the func- 
tions of the first magneto-optical recording medium, the 
in -plane magnetization mask of the reproducing layer is 
further strengthened. In other words, at room tempera- 
ture, the magnetization layer forms an in-plane magnet- 
ization mask against a leakage magnetic flux generated 
from the recording layer and the flux adjustment layer. 
Then, upon reproduction, the area including the record- 
ing magnetic domain to be reproduced is heated to a 
temperature in the vicinity of the critical temperature of 
the reproducing layer; therefore, the in-plane magneti- 
zation layer at this area has reached the Curie temper- 
ature, losing its magnetization. This makes it possible 
to remove only the in-plane magnetization mask of the 
region including the recording magnetic domain to be 
reproduced. 

[0329] This allows a transition from in-plane magnet- 
ization to perpendicular magnetization in the reproduc- 
ing layer at the time of a temperature rise to take place 
more abruptly. 

[0330] Therefore, only the magnetization of the re- 
cording bit to be reproduced is copied from the recording 
layer to the reproducing layer so that it is possible to 
reproduce only the recording bit to be reproduced stably. 
Consequently, it becomes possible to provide a super- 
resolution 'reproducing operation 'with a high' reproduc- 



ing resolution. 

[0331 ] Moreover, in addition to the construction of the 
first or the second magneto-optical recording medium, 
the third magneto-optical recording medium of the 
B present invention is characterized in that the above- 
mentioned reproducing layer is allowed to exhibit per- 
pendicular magnetization from the critical temperature 
to the Curie temperature so that the magnetization of 
the recording layer is not copied on areas thereof having 

to a temperature rise exceeding the Curie temperature. 
[0332] With this construction, in addition to the func- 
tions of the first or second magneto-optical recording 
medium, upon reproduction, three temperature areas 
are lormed in the above-mentioned magneto-optical re- 

75 cording medium that has been heated. That is, in the 
first temperature area having a temperature not more 
than the critical temperature, the reproducing layer ex- 
hibits in-plane magnetization so that it does not copy the 
magnetization of the recording layer which exhibits per- 

20 pendicular magnetization. In the second temperature 
area having a temperature rise between the critical tem- 
perature and the Curie temperature, the reproducing 
layer comes to exhibit perpendicular magnetization so 
that it copies the magnetization of the recording layer. 

25 in the third temperature area having a temperature rise 
exceeding the Curie temperature, the magnetization of 
the reproducing layer has disappeared so that it does 
not copy the magnetization of the recording layer. 
[0333] Thus, the second temperature area, which is 

30 an area relating to a reproducing operation, is formed, 
and the first and third temperature areas, which cannot 
copy the magnetization of the recording layer, are 
formed adjacent to this area, with the result that the area 
capable of copying is greatly narrowed. 

35 [0334] Therefore, even if the recording-bit diameter 
and the recording-bit intervals of the recording layer are 
very small, a recording bit to be reproduced is repro- 
duced in a separated manner from recording bits adja- 
cent to this recording bit, thereby making it possible to 

40 carry out a magnetic super-resolution reproducing proc- 
ess with a higher reproducing resolution even in the 
case of the application of a shorter mark length. 
[0335] Moreover, in addition to the construction of the 
third magneto-optical recording medium, the fourth 

45 magneto-optical recording medium of the present inven- 
tion is characterized by comprising a reproducing assist 
layer made of a magnetic film, which is stacked between 
the reproducing layer and the recording layer in contact 
with the reproducing layer, and which exhibits in -plane 

50 magnetization at room temperature, has a Curie tem- 
perature higher than the Curie temperature of the repro- 
ducing layer, and comes to exhibit perpendicular mag- 
netization at a temperature in the vicinity of the critical 
temperature of the reproducing layer. 

55 [0336] With this construction, in addition to the func- 
tions obtained by the construction of the third magneto- 
optical recording medium, since the reproducing assist 
layer has a Curie temperature higher than the Curie tem- 
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perature of the reproducing layer, even if. upon repro- 
duction, the reproducing layer is heated to the vicinity 
of its Curie temperature, the perpendicular magnetiza- 
tion state is maintained so that the magnetization copied 
from the recording layer is further copied onto the repro- 
ducing layer. 

[0337] Thus, a comparatively great magnetization ex- 
erted by the reproducing assist layer and a leakage 
magnetic flux generated from the recording layer and 
the flux adjustment layer are magnetostatically coupled 
more firmly'in a stable state so that a recording magnetic 
domain to be reproduced is copied on the reproducing 
layer stably in both of the cases of a shorter mark length 
and a longer mark length. 

[0338] Therefore, it becomes possible to carry out a 
magnetic super-resolution reproducing operation with a 
high reproducing resolution in a stable manner. 
[0339] The invention being thus described, it will be 
obvious that the same may be varied in many ways. 
Such variations are not to be regarded as a departure 
from the spirit and scope of the invention, and all such 
modifications as would be obvious to one skilled in the 
art are intended to be included within the scope of the 
following claims. 

Claims 

1 . A magneto-optical recording medium characterized 
by comprising: 

a recording layer made of a perpendicular mag- 
netization film; 

a reproducing layer made of a magnetic film 
which exhibits in-plane magnetization at room 
temperature and comes to exhibit perpendicu- 
lar magnetization at a temperature not less than 
a critical temperature; and 
a flux adjustment layer, stacked adjacent to the 
recording layer, which is made of a perpendic- 
ular magnetization film that has a magnetic po- 
larity different from that of the recording layer 
and also has a Curie temperature lower than 
the Curie temperature of the recording layer. 

2. The magneto-optical recording medium as defined 
in claim 1, wherein a leakage magnetic flux, re- 
leased from the recording layer and the flux adjust- 
ment layer, is allowed to increase abruptly with a 
temperature rise by an exchange coupling between 
the recording layer and the flux adjustment layer. 

3. The magneto-optical recording medium according 
to claim 1 or claim 2, wherein the flux adjustment 
layer is made of a rare-earth transition metal alloy 
with a thickness in a range of 20 nm to 80 nm. 

4. The magneto-optical recording medium according 



to any one of claims 1 to 3 : wherein the recording 
layer is made of a rare-earth transition metal alloy 
with a thickness in a range of 20 nm to 80 nm. 

s 5. The magneto-optical recording medium according 
to any one of claims 1 to 4, wherein the reproducing 
layer has a film thickness in a range of 20 nm to 80 
nm. 

io 6. The magneto-optical recording medium according 
to any one of claims 1 to 5, wherein: the recording 
layer has a Curie temperature in a range from not 
less than 200°C to not more than 300°C, and the 
flux adjustment layer has a Curie temperature in a 

is range from not less than 100°C to not more than 
200°C. 

7. The magneto-optical recording medium according 
to any one ot claims 1 to 6, wherein the reproducing 

20 layer has a critical temperature in a range from not 
less than 60°C to not more than 250 6 C, said critical 
temperature being a temperature at which the re- 
producing layer has a transition from in-plane mag- 
netization to perpendicular magnetization. 

25 

8. The magneto-optical recording medium according 
to any one of claims 1 to 7, wherein: either the re- 
cording layer or the flux adjustment layer is made 
of a rare-earth transition metal alloy having such a 

30 composition that with respect to the compensation 
composition at which the magnetic moment of a 
transition metal and the magnetic moment of a rare- 
earth metal balance each other, the magnetic mo- 
ment of the rare-earth metal becomes more pre- 
ss dominant, and the other is made of a rare-earth 
transition metal alloy having such a composition 
that with respect to the compensation composition 
at which the magnetic moment of a transition metal 
and the magnetic moment of a rare-earth metal bal- 
40 ance each other, the magnetic moment of the tran- 
sition metal becomes more predominant. 

9. The magneto-optical recording medium according 
to any one of claims 1 to 8 ; wherein the recording 

45 layer is made of at least one rare-earth transition 
metal alloy selected from the group consisting of 
TbFeCo, DyFeCo, TbDyFeCo, GdDyFeCo, GdTb- 
FeCo and GdTbDyFeCo. 

so io. The magneto-optical recording medium according 
to any one of claims 1 to 9, wherein the flux adjust- 
ment layer is made of at least one rare-earth tran- 
sition metal alloy selected from the group consisting 
of TbFe, DyFe, TbFeCo, DyFeCo, TbDyFeCo, Gd- 

55 DyFeCo, GdTbFeCo and GdTbDyFeCo. 

11. The magneto-optical recording medium according 
to any one of claims 1 to 10. wherein the reproduc- 
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ing layer is made of at least one rare -earth transition 
metal alloy selected from the group consisting ot 
GdFeCo, GdDyFeCo and GdTbFeCo. 

12. The magneto-optical recording medium according s 
to any one of claims 1 to 1 1 , characterized by further 
comprising: a non-magnetic intermediate layer that 
intercepts an exchange coupling between the re- 
producing layer and the recording layer. 

w 

13. The magneto-optical recording medium according 
to claim 1 2, wherein the non-magnetic intermediate 
layer has a film thickness in a range of 0.5 nm to 60 
nm. 

is 

14. The magneto-optical recording medium according 
to any one of claims 1 to 1 3, characterized by further 
comprising: a protective layer for preventing mag- 
netic films from oxidation. 

20 

15. The magneto-optical recording medium according 
to any one of claims 1 to 1 4, characterized by further 
comprising a transparent dielectric protective layer 
for improving a super-resolution reproducing char- 
acteristic by using an optical interference effect 25 
thereof. 

16. The magneto-optical recording medium according 
to any one of claims 1 to 15, characterized by further 
comprising: an in-plane magnetization layer, 30 
stacked between the reproducing layer and the re- 
cording layer which is made of a magnetic film that 
exhibits in-plane magnetization at room tempera- 
ture and has a Curie temperature in the vicinity of 

the critical temperature of the reproducing layer. 35 

17. The magneto-optical recording medium according 
to claim 16, wherein the in-plane magnetization lay- 
er is made of at least one material selected from the 
group consisting of: GdFeAl, GdFe, GdFeD, GdFe- *o 
CoD (where D is made of at least one element se- 
lected from the group consisting of Y, 71, V, Cr, Pd, 

Cu and Si or two or more elements of these); Gd- 
HRFe, GdHRFeCo, GdHRFeCoD (where HR is a 
heavy rare earth metal that is made of at least one 
element selected from the group consisting of Tb, 
Dy, Ho and Er, or two or more elements of these, 
and D is made of at least one element selected from 
the group consisting of Y Ti, V, Cr, Pd, Cu, Al and 
Si or two or more elements of these); and GdLRFe, 50 
GdLRFeCo, GdLRFeCoD (where LR is a light rare 
earth metal made of at least one element selected 
from the group consisting of Ce, Pr, Nd and Sm, or 
two or more elements of these, and D is made of at 
least one element selected from the group consist- 55 
ing of Y, Ti, V, Cr, Pd, Cu, Al and Si, or two or more 
elements of these). 



18. The magneto-optical recording medium according 
to claim 16 or claim 17, wherein the in-plane mag- 
netization layer has a Curie temperature in a range 
from not less than 60'C to not more than 200° C. 

19. The magneto-optical recording medium according 
to any one of claims 1 to 15, wherein the reproduc- 
ing layer exhibits perpendicular magnetization from 
the critical temperature to the Curie temperature so 
that no magnetization of the recording layer is cop- 
ied on an area thereof having a temperature rise not 
less than the Curie temperature. 

20. The magneto-optical recording medium according 
to claim 19, wherein the reproducing layer has a Cu- 
rie temperature in a range from not less than 1 50° C 
to not more than 250° C. 

21. The magneto-optical recording medium according 
to any one of claims 16 to 20, wherein: the Curie 
temperature of the in-plane magnetization layer is 
set in a range from 60°C to not more than 150°C, 
and the critical temperature at which the reproduc- 
ing layer has a transition from in-plane magnetiza- 
tion from perpendicular magnetization is virtually 
the same as the Curie temperature of the in -plane 
magnetization layer. 

22. The magneto-optical recording medium according 
to any one of claims 19 to 21 , further comprising: a 
recording assist layer made of a magnetic film, 
which is stacked between the reproducing layer and 
the recording layer in contact with the reproducing 
layer, and which exhibits in-plane magnetization at 
room temperature, has a Curie temperature higher 
than the Curie temperature of the reproducing layer, 
and comes to exhibit perpendicular magnetization 
at a temperature in the vicinity of the critical temper- 
ature of the reproducing layer. 

23. The magneto-optical recording medium according 
to claim 22, wherein the reproducing assist layer 
has a film thickness in a range of 20 nm to 80 nm. 

24. The magneto-optical recording medium according 
to claim 22 or claim 23, wherein the reproducing as- 
sist layer has a critical temperature in a range from 
not less than 60° C to not more than 200° C, said 
critical temperature being a temperature at which 
the reproducing layer has a transition from in-plane 
magnetization to perpendicular magnetization. 

25. The magneto-optical recording medium according 
to any one of claims 22 through 24, wherein the re- 
producing assist layer has a Curie temperature not 
less than 200°C. 

26. A magneto-optical recording medium characterized 
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by comprising: 

a recording layer made of a perpendicular mag- 
netization film; 

a reproducing layer made of a magnetic film s 
which exhibits in-plane magnetization at room 
temperature and comes to exhibit perpendicu- 
lar magnetization at a temperature not less than 
a critical temperature, said reproducing layer 
being designed so that a portion having a per- M> 
pendicular magnetization state is magnetically 
coupled to the recording layer so as to copy a 
magnetization of the recording layer, while a 
portion having an in -plane magnetization state 
is not allowed to copy the magnetization of the 15 
recording layer; and 

a tlux adjustment layer, stacked adjacent to the 
recording layer, which is made of a perpendic- 
ular magnetization film that has a magnetic po- 
larity different from that of the recording layer 20 
and also has a Curie temperature lower than 
the Curie temperature of the recording layer. 
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FIG. 8 
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